





JOURNAL OF THE 
AERONAUTICAL SCIENCES 





VOLUME 7 


JUNE, 1940 


NUMBER 8 





Symposium: Prospects of Fuels of Higher 
Octane Number in the Transport Field 


WILLIAM H. HUBNER* 
Refinery Technology Division, Ethyl Gasoline Corporation 


ABSTRACT 


The commercial development of high octane fuel is occurring so 
rapidly today that it is difficult for the airline operator to follow 
the ever-changing picture and to make intelligent plans for the 
effective and economic utilization of these developments. In 
addition to several different types of high octane fuels of conven- 
tional volatility, possibilities are now being opened for the use of 
“‘high-flash”’ or so-called ‘‘safety’’ fuels. The extent to which 
any of these fuels will be used in commercial operation is largely 
one of economics, and this will require a careful study of airline 
operating conditions, the development of new equipment, and 
possibly a revision of existing fuel specifications. 

The purpose of this symposium, therefore, is to present a re- 
view of the methods now used or being developed for the manu- 
facture of such fuels, the quantities of fuel available or likely to 
become available soon, and a number of expert opinions bearing 
on the entire fuel problem. All information presented either has 
been taken from the technical literature or has been received by 
private communication from the aircraft fuel technologists who 
so kindly agreed to take part in the symposium. 

A condensed version of the discussion which followed the pres- 
entation or was contributed later appears at the end of the 
article, 


An outline of the items discussed in the paper is as follows: 
A. Volatile-type fuels 
1. Base gasolines 
(a) Straight-run gasoline 
(b) Natural gasoline 
(c) Catalytically cracked and reformed gaso- 
lines 
(d) Hydrogenated gasoline 
2. Blending materials 
(a) Isopentane 
(b) Isooctane 
(c) Alkylate 
(d) Aromatics 
3. Antiknock compounds 
(a) Tetraethyllead 
(b) Aniline 
(c) Water 
B, High-flash fuels 
1. Aromatic type 
2. Paraffinic type 
C, Cost and availability of 95-100 octane finished aviation 
fuel 


Introduction 


T asimilar meeting of the Institute five years ago, 
it was indicated that fuels above 87 octane number 
could best be made by ‘breaking down” the petroleum 
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molecules into ‘‘small bits,’’ rebuilding these small bits 
or gaseous hydrocarbons into fuels of high antiknock 
value, and then adding a suitable antiknock compound 
such as tetraethyllead. This prediction has come true, 
but only as the result of a vast amount of research con- 
ducted during this five-year period by the petroleum 
industry. The source of these gaseous hydrocarbons 
containing 1 to 4 carbon atoms may be the products of 
gas wells, oil wells, the distillation of crude oil, or the 
cracking process. The gases from the first two sources 
constitute what is commonly known as natural gas, and 
from the latter two sources, refinery gas. Natural gas 
consists almost entirely of paraffin hydrocarbons such 
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as methane, ethane, propane, ”- and isobutane, n- and 
isopentane, and small amounts of the heavier hydro- 
carbons. Refinery gases, in addition to many of these 
paraffin hydrocarbons, contain certain olefinic hydro- 
carbons such as ethylene, propene, and m- and isobutene. 
These olefins and certain of the paraffins may be con- 
verted synthetically into high octane aircraft fuel by 
alkylation or by a combination of selective polymeriza- 
tion and hydrogenation. If sufficient olefinic hydro- 
carbons are not available, the paraffins can be converted 
to olefins by cracking or by dehydrogenation. 

The most skeptical now admit that the trend in air- 
craft design is definitely toward air transport engines of 
higher power output and lower specific fuel consump- 
tion, with fuel antiknock requirements considerably in 
excess of those existing at present. It was not so many 
years ago that 80-83 octane gasoline was standard for 
the airlines. Then 87 octane was adopted, and now 90 
octane seems to be the most popular grade, with a cer- 
tain amount of 95 being used either experimentally or 
for trans-oceanic service. The next logical step appears 
to be the general adoption of the 95 octane grade. This 
fuel will be prepared by a combination of processes. 
The exact make-up will depend upon the individual re- 
finer. In general, it will consist of a base straight-run 
or catalytically cracked fuel, a high octane blending 
agent or mixture of blending agents, and tetraethyllead 
in amounts as specified by the engine manufacturers 
and airlines. Since the various high octane blending 
agents are, in general, the most expensive elements in 
the fuel, it is probable that in the interest of economy 
the maximum amount of the best available base gasoline 
will be used, with additions of tetraethyllead up to 4 cc. 
per gallon. 


Octane Rating Methods 


Since two methods are now in general use in the 
United States for rating aircraft fuels, a word of expla- 
nation here will avoid confusion later in the paper. 
The standard A.S.T.M. Motor method is used by the 
airlines and engine manufacturers, while the military 
services specify the Army method. Where the grade 
mentioned is 95 octane number, it is by the Motor 
method. The 100 octane grade is by the Army method. 
As a general comparison, a commercial 95 octane 
Motor method fuel with 3.5 to 4.0 cc. of tetraethyllead 
per gallon will rate about 97-98 octane number by the 
Army method. A 100 octane Army fuel with 3.0 cc. of 
lead will rate about 97-98 by the Motor method. 

Work has been in progress for the last year in an at- 
tempt to develop a new method which will predict the 
behavior of fuels in full-scale aircraft engines more 
accurately than either of the above two methods and 
which, in addition, will make it possible to rate fuels in 
the 100 octane bracket more reliably. It had been 
hoped that many ratings by the new method could be 
included in this review, but this was not possible. 
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However, preliminary data on fuel ratings up to 100 
octane number indicate that such ratings will check 
quite closely with those by the Army method. At 
present the new method is known as method 1-C. It 
is expected that this method will be standardized shortly 
by the C.F.R. Committee, in which case it will prob- 
ably be known thereafter as the C.F.R. Aviation 
method. Adoption of this method undoubtedly will 
eliminate both the A.S.T.M. Motor and the Army 
methods for rating aircraft fuels. The essential operat- 
ing conditions of the three methods are given in Table 1. 


TABLE 1 


Aircraft Fuel Knock Rating Methods 





Test Method A.S.T.M. Motor Army 1-B 
Engine speed, r.p.m. 900 1200 1800 
Mixture temperature, °F. 300 app.100 app. 100 
Coolant temperature, °F. 212 330 375 
Spark advance, °btc 26 30* 35* 
Method of measuring Bouncing Temperature 

knock intensity pin plug 





* Fixed, not varied with compression ratio. 


Volatile-Type Fuels 
Base GASOLINES 


While fuel of 87-90 octane number can be made by 
adding tetraethyllead to certain types of aviation base 
gasoline, fuel of higher octane number must include a 
blending agent of high antiknock value. Since this pa- 
per is concerned chiefly with fuels of the future, the so- 
called base gasolines themselves will be treated only 
briefly. To be useful for aviation fuel, base gasoline 
should be of at least 70 octane number and preferably 
higher. It should be highly susceptible to tetraethyl- 
lead and free from injurious gum forming tendencies. 
Characteristic properties of the four types of base gaso- 
line discussed in the paper are given in Table 2. The 
tetraethyllead susceptibility of each is illustrated in 
Fig. 1. 


Straight-Run Gasoline 


Gasolines obtained from crude oil by simple distilla- 
tion are known as straight-run gasolines and, with few 
exceptions, have antiknock values considerably below 
that required for aviation base fuels. Only a very 
small percentage of the one and one-quarter billion 
barrels of crude oil produced in the United States during 
1939 will yield straight-run material of such octane 
value. Certain California and Gulf Coast oils are 
unique in this respect and have octane ratings in the 70- 
75 bracket, whereas the average octane rating of gaso- 
line of aviation volatility from all crude oils has been 
estimated at only 55-60, with products from certain 
crude oils rating as low as 25-30 octane number. 
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Simple distillation, or the so-called straight-run 
process, merely uses heat to boil off the gasoline frac- 
tions from the heavier fractions such as kerosene, gas 
oil, lubricating oil, etc. Aviation gasoline is prepared 
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Fic. 1. Volatile-type aviation fuels. 


by further processing this straight-run gasoline to pro- 
duce the required volatility and to remove all propane 
and most of the butane to meet the standard vapor 
pressure specification of 7 pounds. Usually no further 
refinement, other than sweetening, is required. 


Natural Gasoline 


Natural gasoline, as such, is used very little in the 
manufacture of high octane aircraft fuels. Although it 
constitutes an important part of the motor fuel supply 
of the United States, its antiknock value is not com- 
petitive with other aviation base gasolines, when stabil- 
ized to the required 7 pounds Reid vapor pressure. Its 
principal value to aviation fuels is as the source of iso- 
pentane, an important high octane blending agent. 

Practically all natural gasoline is extracted from oil- 
well or casinghead gas. At present there are over 620 
natural gasoline plants in operation in the United States 
producing more than 2 billion gallons yearly. These 
plants with their extensive gathering systems, extract 
the commercially liquefiable hydrocarbons and then re- 
turn the remaining dry gases to utility systems for 
heating and lighting purposes or to refineries for con- 
version to more valuable fuels by catalytic or other 
means. 


TABLE 2 


Properties of Aviation Base Gasolines 





Straight- 
Run Natural 
Gravity, °A.P.I. 64.3 68.6 
Distillation (A.S.T.M.) 
IBP °F. 118 145 
10 percent Pt. 150 161 
20 160 164 
50 185 174 
90 230 229 
EP 290 314 
Recovery, percent 99.0 98.7 
Loss, percent 0.5 0.5 
Reid vapor pressure, lb. 6.6 5.2 
Acid heat (A.S.T.M.), °F. 2 
Accelerated gum, mg. per 100 cc. 1 
Octane no. (A.S.T.M. Motor) 
Clear 74.0 65.5 
+1 cc. TEL per gal. 83.0 71.5 
+2 cc. TEL per gal. 86.0 76.0 
+3 cc. TEL per gal. 88.5 
+4 cc. TEL per gal. 90.0 
+6 cc. TEL per gal. 92.5 
Octane no. (Army) 
Clear 74.5 
+1 cc. TEL per gal. 83.5 
+2 cc. TEL per gal. 87.5 
+3 cc. TEL per gal. 90.5 
+4 cc. TEL per gal. 92.5 
5 


+6 cc. TEL per gal. 95.! 


Hydrogenated 





Houdry Houdry Straight- U.O.P Cat 
Cracked Reformed Run Cracked 
63.0 60.1 66.3 61.5 
106 104 109 120 
146 144 130 153 
158 166 148 - 
199 212 188 205 
257 276 248 265 
310 328 272 294 
98.0 98.0 99.0 
1.0 1.0 1.0 ; 
5.9 7.0 6.9 5.0 
14 14 2 
5 1 0 
76.0 77.5 76.5 73.0 
84.5 “ 85.5 83.5 
87.5 a , 86.0 
89.5 90.5 90.5 87.5 
91.5 a Re 89.0 
94.0 95.0 95.5 91.5 
77.0 a 76.0 
86.0 ns 88.0 
89.0 oa 
91.5 92.5 
93.5 ; %y 
97.0 WA 98.0 
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Catalytically Cracked and Reformed Gasolines 


The catalytic cracking and reforming processes repre- 
sent one of the most important sources of aviation base 
gasoline to be developed in recent years. Too little is 
known at the moment to justify very definite conclu- 
sions regarding the advantages of one process over the 
other, but it appears to be quite well established that 
either cracking or reforming can be used to produce 
aviation base gasoline of 75-80 octane number eco- 
nomically, with good oxidation stability, and with 
tetraethyllead susceptibility equal to present straight- 
run aviation gasolines. 

Both processes have been under development for 
some time, but only within the last few years have they 
become useful commercially. The Houdry processes 
went through the ‘‘test-tube’’ stages of development in 
France under the direction of Eugene Houdry, the in- 
ventor. The Vacuum Oil Company, now a part of the 
Socony-Vacuum Oil Company, was the first in the 
United States to be interested in its commercial de- 
velopment. About two years ago the Sun Oil Company 
joined forces to help in this development work. Today 
in the United States there are said to be more than 12 
cracking plants either operating or under construction, 
with a daily charge-to-catalyst capacity of over 180,000 
barrels. In addition, approximately 25,000 barrels per 
day of reforming capacity are said to be under construc- 
tion in France and the United States. 

Speaking generally, the yield of aviation gasoline from 
Houdry catalytic cracking is about 20 percent from a 
“single-pass” or “‘once-through” operation when using 
gas oil as the charging stock. In catalytic reforming 
the yield is reported to be 30-60 percent. The aviation 
distillate as taken from the cracking unit is not a finished 
product and, to meet current specifications, must be 
sweetened and sometimes given a light acid or catalytic 
treatment to lower the acid heat and to improve the 
storage stability. 

The Houdry catalytically cracked aviation products 
do not rely on the aromatics for their high octane rating. 
It is apparent from the analyses given in Table 3 that a 
large part of the octane value can be attributed to the 
high percentage of isoparaffins. It is quite likely also 
that the high percentage of isoparaffins is responsible 
for the lead susceptibility being equal to that of straight- 
run gasoline of equal volatility. 


TABLE 3 


Hydrocarbon Composition of Houdry Gasoline 





Type of Charging Stock Paraffinic Naphthenic 
Hydrocarbon composition, percent 
n-Paraffins 17 12 
Isoparaffins 63 47 
Naphthenes 7 25 
Aromatics 9 13 
Olefins 4 3 





Since 1936 it is claimed that more than 10 million 
gallons of Houdry aviation gasoline have been con- 
sumed in the United States by the military services and 
commercial airlines. It is not known if this gasoline 
was marketed as 100 percent Houdry cracked, plus 
tetraethyllead, or if it was blended with conventional 
aviation straight-run. Apparently no Houdry cata- 
lytically reformed gasoline has been marketed. 

Other catalytic cracking and reforming processes are 
being developed, presumably for the production of 
both aviation and conventional-type motor fuels. At 
the moment, very little has appeared in the trade jour- 
nals or technical literature in the way of operating data 
on these processes. Mention has been made of a cata- 
lytic process being developed by the Universal Oil Prod- 
ucts Company in cooperation with the Shell Oil, Sin- 
clair Refining, and The Texas companies. Also, it has 
been announced recently that the Pan American Refin- 
ing Company would build a large catalytic cracking 
plant at its Texas City refinery. The latter is probably 
the outgrowth of work being done by the Standard Oil 
Company (Indiana) and the Standard Oil Development 
Company in cooperation with the M. W. Kellogg Com- 


pany. 


Hydrogenated Gasoline 


According to the literature, aviation base gasoline is 
now being produced on a commercial scale by destruc- 
tive hydrogenation at the Baton Rouge plant of the 
Standard Oil Company of Louisiana. It is claimed 
that heavy naphthas, cracked recycle stocks, kerosene, 
and gas oil can be used as charging stocks, producing 
saturated gasolines with octane ratings of 75-78, excel- 
lent tetraethyllead susceptibility, and good gum and 
storage stability. The sulfur content is naturally 
quite low. The ultimate yield of aviation gasoline de- 
pends upon the selection of charging stock and upon 
the volatility desired. About 85 percent is an average 
yield when the desired product is a 7 pound Reid vapor 
pressure gasoline, the balance consisting of butanes and 
pentanes. 

Hydrogenation may be carried out so that the process 
is either destructive or non-destructive. The degree of 
hydrogenation is controlled to produce the results de- 
sired. In the high-temperature, high-pressure de- 
structive process, a change in boiling range results. In 
the non-destructive process, which is a low-tempera- 
ture, low-pressure operation in the presence of a cata- 
lyst, the boiling range of the final product is substan- 
tially the same as that of the charging material. Sta- 
bilization to remove the light gaseous fractions, frac- 
tionation to the desired volatility, and caustic washing 
complete the treatment. The high lead susceptibility 
of the hydrogenated product is due in part to its freedom 
from impurities, such as sulfur and nitrogen com- 
pounds, and in part to the preponderant quantities of 
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branched-chain paraffins and naphthenes in the finished 
product. 


BLENDING MATERIALS 
Isopentane 


Isopentane is an important constituent of high octane 
aircraft fuels, chiefly because it provides a desirable 
combination of low boiling point, high antiknock value, 
and good response to additions of tetraethyllead. It 
supplies the front-end volatility which some of the other 
important blending agents lack, but the amount added 
is usually restricted to about 10-15 percent because of 
its relatively high vapor pressure. The proportion used 
can be increased to about 25 percent if the vapor pres- 
sures of the other blending materials are of the order of 2 
or 3 pounds. It has been estimated that there are more 
than 300 million gallons of isopentane contained in the 
natural gasoline currently produced in the United 
States. Manufacturing facilities to extract more than 
15 percent of this amount have already been installed. 

Properties of a sample of commercial isopentane are 
given in Table 4. 


TABLE 4 


Properties of Commercial Isopentane* 





Gravity, °A.P.I. 95.7 
Distillation (A.S.T.M.) 
IBP, °F. 76 
10 percent Pt. 79 
50 81 
90 85 
EP 92 
Recovery, percent 98.0 
Reid vapor pressure, Ib. 20.9 
Octane no. (A.S.T.M. Motor) 
Clear 88.5 
+0.3 cc. TEL per gal. 95 
+0.9 cc. TEL per gal. 100 
Octane no. (Army) f 
Clear 91 
+0.6 cc. TEL per gal. 100 





* 91.1 percent isopentane, 4.2 percent m-pentane, 4.7 per- 
cent n-butane. 
¢ 99.9 percent purity. 


Isooctane 


Commercial isooctane is one of the most popular and 
widely used constituents of high octane aviation gaso- 
line. It forms the basis of present day high octane 
fuels, whether it be manufactured by the recently de- 
veloped alkylation process or by the widely used two- 
stage catalytic polymerization and hydrogenation 
process. Furthermore, this branched-chain paraffin is 
destined to hold this prominent position because of its 
combination of inherent advantages, such as its ability 
to “‘stand up”’ under the widest variety of engine oper- 


ating conditions, its high heat value, good stability with- 
out the use of gum inhibitors, and its excellent response 
to tetraethyllead. Present plant capacity in the 
United States has been estimated at about 150 million 
gallons yearly. 

The first commercial isooctane produced was prac- 

tically identical in properties with the c.p. isooctane 
2,2,4-trimethylpentane) first synthesized in 1926 by 
Graham Edgar and now used as a standard for deter- 
mining octane number ratings. The cost was rela- 
tively high and the yield low. It was produced by a 
combination of cold sulfuric acid polymerization and 
hydrogenation. In this process, only the isobutene in 
the cracked refinery gases charged to the unit is poly- 
merized, yielding isooctene of approximately 84 octane 
number which, when hydrogenated, results in a com- 
mercial isooctane of 99.5-100 octane. This material 
has a boiling range of approximately 205—216°F., where- 
as ¢.p. isooctane boils at 211°F. With this process, 
assuming that all the isobutene available by present re- 
finery practices is utilized, it has been estimated that a 
yearly total of 155 million gallons of isooctane could be 
made potentially available in the United States. From 
a practical point of view, however, it would be impossi- 
ble to utilize all the isobutene available in the hundreds 
of refineries scattered over the country. 

Later it was found that by using either hot sulfuric 
acid or solid phosphoric acid as a catalyst it was possible 
to polymerize both u-butene and isobutene, thus more 
than doubling the yield of commercial isooctane. How- 
ever, the boiling range of both products is widened to 
approximately 200—250°F. and the antiknock values are 
lowered to 96-98 octane number for the hot acid process 
and 95-97 for the solid phosphoric acid process. In this 
way, the potential supply of commercial isooctane is in- 
creased to 300-400 million gallons yearly, which, ac- 
cording to Gustav Egloff, could be increased to over a 
billion gallons yearly if all of the n-butane and isobutane 
contained in natural and refinery gases was converted 
to the respective olefins either by cracking or by de- 
hydrogenation. 

The differences in antiknock rating for the several 
commercial isooctanes are due entirely to the varying 
proportions of isomeric octanes in the mixtures. For 
example, the isooctane used as a standard in knock 
testing consists exclusively of one isomer, 2,2,4-tri- 
methylpentane, and by definition rates 100 octane num- 
ber. The isooctanes of lower octane number have such 
lower ratings because they consist of mixtures of differ- 
ent isomers, some of which have a lower and at least one 
a higher rating than 2,2,4-trimethylpentane. It should 
be pointed out, however, that a lower octane isooctane 
is not necessarily less pure chemically than the 100 oc- 
tane isomer, and that while various commercial iso- 
octane products differ in octane rating, gravity, and boil- 
ing range, they are alike in other chemical character- 
istics such as stability to light, heat, and air-oxidation. 
Physical property data and antiknock and lead sus- 
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ceptibility characteristics of the various isooctanes are 
given in Table 5. 

Polymerization, briefly defined, consists in joining 
together two or more molecules to form one larger 
molecule, thus producing a material with higher boiling 
point. Only olefinic or “unsaturated’’ hydrocarbons 
will polymerize, for example, m-butene and isobutene. 
However, the paraffin hydrocarbons, n-butane and iso- 
butane, may be converted to their corresponding ole- 
finic hydrocarbons by heat and pressure, with or with- 
out a catalyst, and then polymerized. 


TABLE 5 


Properties of Several Commercial Isooctanes 





Isooctane from 





Solid 
Phos- Acid 
C.p. Cold Hot phoric Alkyla- 
Iso- Acid Acid Acid tion 
octane Process Process Process Process 
Gravity, °A.P.I. 72.2 70.9 64.5 66.0 
Distillation (A.S. 
T.M.) 
IBP, °F. 211 205 197 205 200 
10 percent Pt. 211 210 220 217 
20 211 210 223 220 
50 211 212 226 222 
90 211 215 230 228 oe 
EP 211 216 242 240 250 
Reid vapor pressure, 
Ib. 2.2 2.1 2.0 1.6 
Acid heat 
(A.S.T.M.), °F. 0 1 2 2 2 
Accelerated gum, 
mg. per 100 cc. 0 1 1 1 1 
Octane no. (A.S.T.M. 
Motor) 
Clear 100.0 99.5 97.0 95.5 94.5 


cc. TEL per gal. 
to equal 100 oc- 


tane number 0.0 0.1 0.3 0.4 0.5 





Alkylate 


Following the success of the two-step catalytic poly- 
merization and hydrogenation process for the manufac- 
ture of branched-chain paraffins, research led to the 
recently developed alkylation process which accom- 
plishes the complete reaction in one step. Two such 
processes to combine olefins with isoparaffins directly 
are now in commercial use, one a catalytic process using 
sulfuric acid as the catalyst, the other a thermal proc- 
ess utilizing heat and pressure to effect the reaction. 
Although alkylation can be carried out with a wide 
variety of olefins and isoparaffins, aviation fuel is now 
being produced chiefly from isobutane and m- and iso- 
butene in the sulfuric acid catalytic process and iso- 
butane and ethylene in the thermal process. Isobutarie 
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is the isoparaffin most widely used as an alkylation re- 
actant because its high volatility and vapor pressure 
prevent its direct use either in aviation gasoline or in 
regular motor fuel. Isopentane and isohexane, on the 
other hand, are in themselves valuable constituents of 
both types of fuel. 

Sulfuric acid alkylation is claimed to offer a distinct 
advantage over the combination catalytic polymeriza- 
tion and hydrogenation process. With a given supply 
of isobutane, an approximately equal amount of olefin 
can be converted by alkylation, thus more than dou- 
bling the yield of commercial isooctane available by the 
several catalytic polymerization processes. This is 
illustrated in Table 6. It should be noted, however, 


TABLE 6 


Alkylation versus Catalytic Polymerization and Hydrogenation 


Hot Acid 








or Solid 
Cold Phosphoric Acid 
Process Acid Acid* Alkylation 
Octane no. (A.S.T.M. Motor) 99-100 96-98 92-94 
Gallons per gal. of charge 
Additional isobutane Nil Nil 0.42 
Product below 300°F. 0.11 0.25 0.73 
87 Octane blend using 72 
octane str.-run 0.21 0.42 1.02 





* Operating for maximum octane number. 


that this analysis fails to consider the fact that if the 
isobutane were converted to isobutene and then cata- 
lytically polymerized, it could be made to combine with 
more than an equal volume of -butene, in which case 
the yield of isoparaffins might be even greater than by 
alkylation. This, of course, would amount to a three- 
step process as compared to the one-step alkylation 
process. 

Laboratory inspection data on a typical sample of 
alkylate made by the sulfuric acid catalytic method, 
using a butanes-butenes fraction of cracked gases as 
charging stock, are given in Table 7. 

The sulfuric acid alkylation process represents the 
combined efforts of the research staffs of the Anglo- 
Iranian Oil, Humble Oil, Shell Development, Standard 
Oil Development, and The Texas companies. It is 
estimated that there is now in operation, under con- 
struction, or seriously contemplated sufficient plant 
capacity to produce yearly about 200 million gallons of 
total alkylate or about 175 million gallons of 300°F. 
end-point product. 

The thermal alkylation process first became known as 
a means of providing a product called ‘‘neohexane,’’ 2,2- 
dimethylbutane. While known to scientists for years, 
sufficient quantities for test were only recently made 
available by the Phillips Petroleum Company. In this 
process, ethylene is reacted with isobutane at high tem- 
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peratures and pressures. According to reports, a com- 
mercial plant will soon be producing about 13,000 gal- 
lons per day. It is estimated that currently there is 
sufficient isobutane and ethylene or ethane being pro- 
duced in the United States to manufacture over 1 billion 
gallons of neohexane a year. That assumes, of course, 
that all of the isobutane available would be used for this 
purpose. 

Aside from its high antiknock value of 95 octane num- 
ber, another important advantage of neohexane as a 
ingredient of aviation gasoline is its ability to raise the 
maximum attainable octane number of aviation fuels 
while maintaining balanced volatility. Although it is 
possible to produce 95-100 octane fuel by adding 3 to 4 
cc. of tetraethyllead per gallon to a blend of straight-run 
gasoline, isopentane, and commercial isooctane, it is 
quite difficult to produce fuels much above 100 octane 
with these components. However, with neohexane asa 
substitute for the straight-run gasoline, or even iso- 
pentane, it is possible to produce a finished base fuel 
with proper volatility characteristics and considerably 
higher antiknock characteristics. 

The physical property and lead susceptibility charac- 
teristics of c.p. neohexane as compared with c.p. iso- 
octane are given in Table 8. It will be noted that the 
lead susceptibility of neohexane is greater than that of 
isooctane. Even though neohexane rates 5 octane 
numbers lower than isooctane, with the addition of 3 cc. 
of tetraethyllead per gallon the two have equal anti- 
knock value. With additions of lead above 3 cc. per 
gallon, c.p. neohexane is superior to c.p. isooctane, and 
this advantage would be greater still if compared with 
commercial isooctanes. 


Aromatics 


In the United States aromatic hydrocarbons have not 
been used, to any appreciable extent, as high octane 


TABLE 7 


Inspection Data on a Typical Sample of Alkylate 





Properties of total alkylate 


Gravity, °A.P.I. 69.2 
Distillation (A.S.T.M.) 
IBP, °F. 120 
10 percent Pt. 182 
20 199 
50 222 
90 267 
EP 403 
Recovery, percent 99.0 
Reid vapor pressure, lb. 3.0 
Octane no. (A.S.T.M. Motor) 91.5 


Properties of 300°F. fraction 
Distillation (A.S.T.M.) 


50 percent Pt. 220 
Reid vapor pressure, Ib. 3.5 
Octane no. (A.S.T.M. Motor) 

Clear 92.0 


+0.6 cc. TEL per gal. 100.0 


blending agents for aviation fuels, but such materials 
have been quite popular in Europe. The good rich 
mixture take-off performance is said to be one of the 
chief reasons for this popularity, although availability 
must be considered as an important reason also. It 
will be interesting to see if this European popularity of 
aromatics changes after they gain more experience with 
isooctane-type fuels. In the United States, where lean 
mixture cruising is of greater importance, particularly 
in airline service, the aromatics are at a disadvantage 
because of their 7-9 percent lower heating values than 
the isoparaffinic type of blending agent. The poorer 
lead susceptibility of the aromatics is also a disadvant- 
age. 

The aromatics (benzene, toluene, and the xylenes) are 
produced primarily from the high temperature carbon- 
ization of coal and from the cracking of gas oil to pro- 
duce illuminating gas. They may be produced also by 
cracking refinery and natural gases. It is estimated 
that over 1 billion gallons of 100 octane aromatic fuel 
could be produced annually by the latter method. 
Another enormous potential supply of the aromatics is 
through the conversion of straight-chain paraffins by 
either aromatization or cyclization. These processes 
are still in the experimental stage and will not be dis- 
cussed here. 

The solvent extraction of either straight-run or 
cracked gasoline to segregate the low octane fractions 
from the high octane fractions is also an effective means 
of increasing the volume of high octane aromatic-type 
fuels. The high octane fraction is known as the extract 
and contains the aromatics. The low octane fraction is 
known as the raffinate and contains the paraffins and 
naphthenes. 

One of the most widely used methods of solvent ex- 
traction is the Edeleanu sulfur dioxide process. As 
an example of this process, a 58 octane South Texas 
straight-run naphtha was found to yield 34 percent of a 
91 octane product when extracted at —60°F. Selective 
fractionation of this extract yielded 34 percent of 99-100 
octane product, or an overall yield of about 12 percent 
based on the quantity of original naphtha. The percent 
of aromatics and olefins in the charging stock was 31 


TABLE 8 


Properties of Neohexane and Isooctane 





Cp. C.p. 


Neohexane Isooctane 

Gravity, °A.P.I. 84.9 72.2 
Boiling point, °F. 121 211 
Reid vapor pressure, Ib. 5 2.2 
cc. TEL per gal. to give: 

Equal octane ratings 1.3 1.0 

Equal octane ratings 2.2 2.0 

Equal octane ratings 2.9 3.0 

Equal octane ratings 4.5 6.0 

Equal octane ratings 6.0 9.7 
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percent, in the 91 octane product 84 percent, and in the 
99-100 octane product 93 percent, the balance in each 
case being paraffins and naphthenes. 


ANTIKNOCK COMPOUNDS 
Tetraethyllead 


Tetraethyllead, in the form of ‘1-T’’ Ethyl Fluid, is 
the only antiknock compound used today in aircraft 
fuels, and it is the most effective one known. The ap- 
proximate composition of aviation Ethyl Fluid is given 
in Table 9. 


TABLE 9 


Composition of ‘1-T’’ Ethyl Fluid 





Percent 
Tetraethyllead 61.42 
Ethylene dibromide 35.68 
Kerosene and impurities 2.65 
Dye 0.25 





The effort to make tetraethyllead more effective in 
raising octane numbers is one of the significant facts 
brought out in recent discussions of the various proc- 
esses suggested for the manufacture of aviation fuel, 
whether base gasoline or high octane blending material. 
This is particularly true in the catalytic desulfuriza- 
tion processes recently announced. Chemical de- 
sulfurization using either sulfuric acid or caustic 
soda has been practiced for many years to remove corro- 
sive compounds and to convert mercaptans to disulfides. 
In the catalytic processes, the monosulfides, disulfides, 
and cyclic sulfur compounds are decomposed and 
removed as hydrogen sulfide or, possibly, as sulfur 
dioxide. Because of certain deleterious effects of sul- 
fur compounds on tetraethyllead susceptibility, al- 
most complete removal of the sulfur has been found to 
be advantageous in some cases. For example, a sample 
of natural gasoline, which rated 76 octane number with 
the addition of 2 cc. of tetraethyllead per gallon, rated 
82.5 octane with 2 cc. after complete desulfurization. 


Aniline 


Aniline is a good knock suppressor, although far less 
effective than tetraethyllead. Only a few percent may 
be mixed with gasoline because of its low solubility. 
Several years ago aniline had a limited use in aircraft 
fuels as ‘‘Anilol.’’ As its name implies, this material 
consists of a mixture of aniline and alcohol. It was 
introduced into the fuel system through a metering 
injection device and served both as a de-icing fluid and 
as an antiknock for take-off. The effectiveness of 
Anilol when compared with aniline and ethyl alcohol is 
indicated in Table 10. 
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Water 


Water has been used successfully as a take-off anti- 
knock by injecting it into the intake manifold. Con- 
siderable thought has been given to the possibility of 
water recovery from the exhaust as a means of avoiding 
the necessity of carrying a water load. Since alcohol 
must be mixed with the water to prevent freezing, a mix- 
ture of the two materials has possibilities both as a 
take-off fuel and as a de-icing fluid. Small additions of 
water also have been reported to inhibit pre-ignition. 


High-Flash Fuels 


Interest has been renewed in the possible use of high- 
flash or so-called safety fuels in aircraft engines to re- 
duce the fire hazard in flight, during refuelling, or after 
a crash. Such fuel has been defined as one that will 
burn within the engine with efficiency equal to that of 
the conventional volatile-type gasoline and yet be free 
from the hazards of uncontrolled combustion outside 
the engine. It is unfortunate that the term “safety” 
has gained usage, and until more study enables oper- 
ators to determine just how safe the presently discussed 
fuel really is, the term should be used with caution. 
The terms high-flash and low-volatile are suggested as 
more accurate expressions. Hereafter in this paper the 
term high-flash will be used. 

Although fires after a crash are usually caused by 
lubricating oil catching fire from the exhaust or othe1 
hot engine parts, the actual damage results from burn- 
ing gasoline. Volatile gasoline can be considered as 
exploding, whereas the less volatile high-flash fuel burns 
more slowly and would thus give occupants of the plane 
a better chance to escape. The fire hazard of gasoline 
vapors collecting in the wings of the plane where they 
might be ignited by static sparks or by sparks from 
other sources would also be reduced through the use of 
such fuels. On the other hand, it has been stated that 
an explosive mixture is less liable to be formed in the 
fuel tanks of a plane by the conventional volatile-type 
fuel. 


TABLE 10 


Comparative Values of Aniline and Anilol 





Octane No. (A.S.T.M. Motor) 





+1 Cc. +3 Cc. 
Clear TEL per Gal. TEL per Gal. 
Straight-run gasoline 70 79 84 
+2 percent Anilol 76 83 86 
+2 percent aniline 78 85 88 
+2 percent ethyl alcohol 71 80 85 
Blend of isooctane and str.- 

run 87 95 100+ 

+2 percent Anilol 90 97 100+ 

+2 percent aniline 91 98 100+ 

+2 percent ethyl alcohol 88 96 100+ 
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When aircraft fires are started by a spark or open- 
flame igniting air-fuel vapor, the flash point of the fuel 
is a reasonable indication of the ease with which such 
combustible mixtures might be formed. In the absence 
of a spark or open flame, the fire hazard is dependent 
upon the spontaneous ignition temperature (S.I.T.) of 
the fuel. Contrary to a popular belief, the $.I.T. values 
of high-flash fuels are no lower than for volatile-type 
fuels of equal octane rating. This is illustrated in 
Table 11. 


TABLE 11 


Spontaneous Ignition Temperatures of Various Fuels 





Octane No. Flash Spontaneous 
A.S.T.M. Pt., IBP, Ignition 
Motor ~-., °F. Temp., °F. 
Paraffinic high-flash fuel 
Clear 99 110 330 930-1030 
+3 cc. TEL per gal. 100 + 2cc.* 110 330 990-1030 
Aromatic high-flash fuel 
Clear 75 110 338 790-1030 
+3cc. TEL per gal. 86 110 338 880-1030 
C.p. isooctane 
Clear 100 - 211 970-1030 
+3 cc. TEL per gal. 100+ 3cc.* .. 211 1060-1100 
Isooctane-straight- 
run blend 
Clear 85 910-1030 
+3cc. TEL per gal. 100 sel aa 960—1030 
Diesel fuel (cetane) ee od 550 460- 530 
Lubricating oil 500 750-1030 





* Rates above 100 octane number—equal to c.p. isooctane 
plus cc. TEL per gal. 
** 100 cetane number, or close to zero on the octane scale. 


The use of relatively non-volatile or high-flash fuels 
for the specific purpose of reducing fire hazards was first 
suggested in 1926 by Ferrier. Such fuels were used to a 
limited extent in the London-—Paris air service. Low 
antiknock value and difficulties in carburetion were im- 
portant limitations. High-flash fuels were introduced 
in the United States in 1929 by the Standard Oil De- 
velopment Company. They were labeled ‘“‘safety- 
type” fuels. Such fuels were prepared by hydrogena- 
tion and were almost entirely aromatic in character. 
Their antiknock value was of the magnitude of 90 octane 
number. By the fall of 1930, samples of this type of 
fuel had been submitted to several research organiza- 
tions for experimental engine tests, but no considerable 
commercial developments resulted. 

Although, at present, the exact properties of an 
“ideal” safety fuel are not known definitely, high-flash 
fuels are tentatively considered to boil in the 300-400°F. 
range, the initial boiling point being governed by a 
minimum flash point of 105°F. While flash point and 
initial boiling point are closely inter-related, the latter 
may be lowered without altering the flash point by in- 
creasing the boiling range. This is illustrated in Table 
12 for a flash point (closed cup) of 105°F. 


TABLE 12 


Relation between Flash Point and Boiling Range 





Flash Point, Initial Boiling End Point, 
“"- Point, °F. °F, 
105 315 400 
105 310 420 
105 305 450 
105 300 480 





High-flash fuel may be of the aromatic or the 
paraffinic type. Tetraethyllead may be used to im- 
prove its knock rating, as in the case of conventional 
aviation fuel. 


AROMATIC TYPE 


At present, the aromatic type represents the largest 
available source of high-flash fuels, chiefly because of 
the application of proven processes of solvent extrac- 
tion, catalytic cracking, and destructive hydrogenation. 
Such fuels are lower in heat value and tetraethyllead 
susceptibility and are generally less suitable than the 
paraffinic type for the preparation of 95-100 octane 
grade aviation fuel. 

A number of solvent extraction processes are in com- 
mercial use, such as sulfur dioxide and furfural ex- 
traction. Although about 10 percent of the crude oil 
in the United States could be distilled to a 300—400°F. 
cut, it has been estimated that less than 10 percent of 
this fraction could be extracted as suitable aromatic 
material. This would result in a potential yearly pro- 
duction of over 400 million gallons of 85-95 octane high- 
flash fuel. The lead susceptibility is not particularly 
good, but the 95-100 octane level could be reached with 
up to 4 cc. of tetraethyllead per gallon. 

With catalytic cracking, a method is now available 
for large scale production of partially aromatic base fuel 
to which higher octane blending agents and tetraethyl- 
lead can be added to meet octane requirements of 95- 
100. With 4 cc. of tetraethyllead per gallon, an octane 
rating of 85-86 appears to be about the top level for 
catalytically cracked gasoline without benefit of blend- 
ing agents. With present or contemplated cracking 
capacities, about 200 million gallons of this type of high- 
flash fuel could be made available yearly. Larger 
quantities could be produced if the primary object of 
the cracking operation were a high-flash rather than a 
volatile-type product. In either case it is claimed that 
the cost would be comparable with volatile-type avia- 
tion fuels of equal octane rating. 

Laboratory inspection data and hydrocarbon analy- 
ses of a typical sample of Houdry catalytically cracked 
high-flash fuel are given in Table 13. Although pure 
aromatic hydrocarbons have 7-9 percent lower heat 
values than the paraffins, it is claimed that the Houdry 
product with an aromatic content of 30-40 percent will 








328 


have a heat value only 1.5 to 2 percent lower than pure 
paraffinic fuels. A value lower by 3 to 4 percent would 
seem to be indicated from the data given in Table 13. 
It would be interesting also to know whether the 
paraffins or the naphthenes predominate. 


TABLE 13 


Properties of Houdry Catalytically Cracked High-Flash Fuel 





Gravity, °A.P.I. 35.9 
Distillation (A.S.T.M.) 
IBP, °F. 330 
10 percent Pt. 341 
20 344 
50 353 
90 376 
EP 397 
Flash point, °F. 105 
Heat content, B.t.u. per Ib. 
Experimental 19,860 
Calculated 19,620 
Hydrocarbon composition, percent 
Aromatics 36 
Olefins 4 
Naphthenes and paraffins 60 
Octane no. (A.S.T.M. Motor) 
Clear 76.5 
+1 cc. TEL per gal. 81.5 
+2 cc. TEL per gal. 83.5 
+3 cc. TEL per gal. 84.5 
+6 cc. TEL per gal. 86.5 
Octane no. (Army) 
Clear 75.0 
+1 cc. TEL per gal. 81.5 
+2 cc. TEL per gal. 84.0 
+3 cc. TEL per gal. 85.0 
89.5 


+6 cc. TEL per gal. 





PARAFFINIC TYPE 


Paraffinic high-flash fuels with octane ratings com- 
parable to conventional volatile-type straight-run 
gasolines are not available by simple distillation from 
any known crude oil. The data given in Table 14 for a 
sample of high-boiling naphtha from a selected crude 
oil indicates about the best that can be expected from 
simple distillation alone. 

It is apparent, therefore, that paraffinic fuels in the 
95-100 octane range with up to 4 cc. of tetraethyllead 
per gallon must be made largely by synthesis. In the 
manufacture of branched-chain paraffins of the volatile 
type, both the alkylation process and the two-stage 
catalytic polymerization and hydrogenation process 
produce 10-15 percent of material boiling above 300°F. 
Based on the units now in operation or under con- 
struction, this would make available about 50 million 
gallons of 300—400°F. fuel in the 80-90 octane bracket. 
A larger yield of such fuel could be produced if the prin- 
cipal product were material boiling above 300°F., but 
no data are available to indicate whether the relative 
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percentages of the low- and the high-flash fuel could be 
reversed. 

Paraffinic high-flash fuels of 100 octane number with 
a lead response almost equal to that of c.p. isooctane 
have been produced. Hydrogenated triisobutene and 
isododecane (2,5-dimethyl-3-isobutylhexane) are ex- 
amples. Pertinent data on these fuels are given in 
Table 15. For comparison, data on c.p. isooctane are 
included. As in the case of isooctane, the cost of manu- 
facturing these hydrocarbons in the chemically pure 
state prohibits their use commercially. A rating of 95- 
96 appears to be “‘tops”’ for materials in the commercial 
boiling range, with ratings between 80 and 90 more 
general. 

Inspection data are given in Table 16 for two samples 
of high-flash fuel produced by the selective polymer- 
ization and hydrogenation process of the Universal Oil 
Products Company (U.O.P.). 

Inspection data for a sample of alkylate boiling in the 
300-400°F. range are given in Table 17. Here again it 


TABLE 14 


Properties of Straight-Run High-Flash Fuel 





Gravity, °A.P.I. 37.9 
Distillation (A.S.T.M.) 
IBP, °F. 332 
10 percent Pt. 340 
20 . 342 
50 350 
90 375 
EP 400 
Recovery, percent 98.0 
1.0 


Loss, percent 
Octane no. (A.S.T.M. Motor) 





Clear 68.5 

+1 cc. TEL per gal. 74.5 

+2 cc. TEL per gal. 79.0 

+3 cc. TEL per gal. 81.0 

+4 cc. TEL per gal. 82.5 

+6 cc. TEL per gal. 85.0 
TABLE 15 


Properties of Isododecane and Hydrogenated Triisobutene 








Hydrogenated Cz». 
Isododecane’ Triisobutene Isooctane 
Gravity, °A.P.I. 55.7 58.3 72.2 
Distillation (A.S.T.M.) 

IBP, °F. 342 349 211 
EP 342 350 211 
Reid vapor pressure, lb. 0.07 0.5 2.2 

Octane no. (A.S.T.M. 

Motor) 
Clear 100 100 100 
50 percent blended 

with 70 Octane 

straight-run oe 84.0 84.5 
+1cc. TEL per gal. a 90.5 91.5 
+3 cc. TEL per gal. ies 96.0 97.5 














FUELS OF HIGH OCTANE NUMBER 


should be mentioned that this higher boiling fraction 
was made as a by-product, and it is entirely possible 
that a rating higher than 81 octane number could be 
obtained if such a fuel were the primary product. The 


TABLE 16 


Properties of High-Flash Fuels Produced by U.O.P. Selective 
Polymerization-Hydrogenation Process 





A 


Operation No. 2* 


~-= —— -_ 


Operation No. 1* 





High High 
Isooctane Boiling Isooctane Boiling 
Fraction Material Fraction Material 
Gravity, °A.P.I. 66.4 50.5 68.5 58.1 
Distillation (A.S.T.M.) 
IBP, °F. 210 273 199 250 
10 percent Pt. 222 317 218 281 
50 227 389 230 361 
90 232 389 230 361 
EP 254 450 250 390 
Reid vapor pressure, Ib. 1.6 0.5 eg 0.5 
Octane no. (A.S.T.M. 
Motor) 95 89 97 96 





* Charging Stock: Operation No. 1 (1 part isobutene to 2 
parts n-butene); Operation No. 2 (4 parts isobutene to 1 part 
n-butene). 


lead susceptibility characteristics of several types of 
high-flash fuel are shown graphically in Fig. 2. 


POSSIBLE ENGINE PROBLEMS 


Adapting high-flash fuel to aircraft engines naturally 
calls for the scitution of certain problems that are not 
encountered with volatile-type fuels. It is unlikely 


TABLE 17 


Properties of Alkylate High-Flash Fuel 





Gravity, °A.P.I. 57.0 
Distillation (A.S.T.M.) 
IBP, °F. 310 
10 percent Pt. 327 
50 343 
90 362 
EP 384 
Recovery, percent 98.0 
Flash point, °F. 103 
Acid heat (A.S.T.M.), °F. 2 
Accelerated gum, mg. per 100 cc. 2 
Octane no. (A.S.T.M. Motor) 
Clear 81.0 
+0.5 cc. TEL per gal. 86.0 
+1.0 cc. TEL per gal. 89.0 
+2.0 cc. TEL per gal. 92.0 
+3.0 cc. TEL per gal. 94.0 
+4.0cc. TEL per gal. 95.5 








329 


that a fuel of such low volatility could be carburetted 
satisfactorily without employing prohibitive mixture 
temperatures, since one of the principal, and desired, 
characteristics of high-flash fuel is resistance to vapor- 
ization. Injection of the liquid fuel into the cylinder 
appears to be necessary, although certain engineers be- 
lieve that injection into the manifold might prove satis- 
factory. 

Fuel injection engines using conventional volatile- 
type fuels are being operated experimentally by several 
of the airlines; not, of course, in regularly scheduled 
passenger service. Reports indicate extreme satisfac- 
tion and cite as advantages, improved flexibility, more 
even fuel distribution, and leaner permissable air-fuel 
ratios. Some have expressed an opinion that the pres- 
ent over-capacity demand for carburetor engines is one 
of the important reasons why injection engines with 
volatile-type fuels are not now on a production basis. 
These same engineers feel that the use of injection will, 
itself, reduce certain of the existing fire hazards of gaso- 
line. Others believe that the development of injection 
engines should go hand-in-hand with the development 
of high-flash fuels. 

Engine starting problems will be more difficult with 
the use of less volatile fuels. However, engine design- 
ers feel that by the time the fuel injection problems are 
solved and suitable fuels become available, starting 
problems will also be solved. 

Regarding power output, it has been found that high- 
flash fuels of 100 octane give the same power output as 
c.p. isooctane when injection is used in both cases. A 
limiting statement is made in the report of the National 
Advisory Committee for Aeronautics to the effect that 
the end boiling point of the fuel must not be much over 
400°F. In commenting on this statement, one aircraft 
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fuel technologist has suggested that with suitable 
changes in combustion chamber design and injection 
timing, it might be possible to utilize fuels with end 
points up to 500°F. 


Cost and Availability of 95-100 Octane Finished 
Aviation Fuel 


From the foregoing it is apparent that the oil refiners 
of the United States have a sufficient capacity today to 
produce more 95-100 octane number volatile-type fuel 
than total aviation requirements, both military and 
commercial, and that this capacity will be increased 
during 1940. High-flash fuel is available in much 
smaller amounts, but supplies and capacities are en- 
tirely adequate for pioneering work, and substantial 
quantities could be produced if needed. 

Why is it, then, that only the military services and 
one trans-oceanic commercial airline are using these 
higher octane fuels? The answer is purely one of cost. 
Commercial aviation is governed by the same economic 
rules which govern any other business enterprise. 
Revenue must be such that equipment can be paid for 
during its useful life and still show an operating profit. 
Purchases of gasoline must be viewed as a necessary 
operating expense and, hence, must be considered as 
one of the important items when selecting an engine for 
airline service. 

The benefits to be derived from the use of high octane 
fuels in properly designed aircraft engines are quite 
pronounced and have been carefully covered in the 
literature. These benefits might find expression in 
improved fuel economy, greater load-carrying capacity, 
greater speed, larger cruising range, or in some com- 
bination of these. Insofar as actual savings in dollars 
and cents are concerned, one technologist calculates a 
saving of over a million dollars in the 5-year life period 
of a DC-3 transport by using 100 octane (Army) fuel 
instead of 87 (A.S.T.M. Motor), assuming that the 
engine in each case is properly designed for optimum 
performance. Estimates of other aircraft fuel tech- 
nologists vary from 0.25 to 4.4 cents per gallon as the 
increase in gross earning power per octane number im- 
provement. Calculations of :one airline operator, 
based on a 20 percent load factor, show a premium value 
of 0.35 cent per octane number improvement above 87 
octane. Since that factor has been increased materially 
during the last year, a figure of 0.5 cent per octane num- 
ber would seem to be more nearly correct. 

The above figures are based on calculations and not 
on actual service data. However, an airline could ob- 
tain first hand information by installing higher octane 
engines in a DC-3 operating between fixed points. 
After carrying the tests through several major overhaul 
periods, a direct comparison could be made with operat- 
ing data on a lower octane ship flying the same route. 
Some oil company should welcome the opportunity to 


supply the 100,000 gallons of 95 octane fuel necessary 
to carry through two 600 hour overhaul periods. 

Whether the airlines must wait for the European and 
Asiatic wars to end before 95-100 octane fuels will be 
made available at premiums much lower than exist at 
present, is a question that only coming developments 
can answer. Many believe that by the time the DC-4 
planes or similarly large new transports are ready for 
delivery, war or no war, there will be sufficient alkyl- 
ation,and combination polymerization and hydrogen- 
ation plants in operation to furnish the airlines with the 
necessary amount of high octane fuel at an economical 
price. Possibly when the wars are over, and the plants 
are more or less amortized, the premium that airlines 
will be required to pay will depend largely upon the 
value of such fuels as 95-100 octane premium gasoline 
for passenger cars or as blending stock for regular motor 
fuels. That passenger cars can be designed to utilize 
such fuels efficiently has been pointed out in recent pub- 
lications. Without sacrifice in performance, it has been 
found possible to increase miles per gallon by 40-50 
percent with a car designed for 95-100 octane fuel as 
compared to one designed for 68-70 octane fuel. In 
terms of cost per car mile, this would permit an increase 
in cost of gasoline greater than the price the motorist 
would be required to pay. That passenger cars will be 
designed to utilize such fuels efficiently is indicated by a 
statement made recently by C. F. Kettering to the 
effect that, although developments are still in the ex- 
perimental stages and there are many problems still to 
be solved, future design of automobile engines will be in 
the direction of units of smaller size, with higher com- 
pression ratios, yielding higher power output, and re- 
quiring motor fuels of higher antiknock properties. 

The future cost of high octane fuel will also depend 
upon the number of grades demanded by the airlines 
and upon the possible adoption of uniform volatility 
and antiknock specifications by the airlines and military 
services. The airline operator should remember that 
an increase in volume is one of the largest factors in re- 
ducing cost, and the more high octane fuel that is used, 
the more rapidly its cost can be reduced. Another 
point to consider is that rigidity of specifications on 
volatility has the effect of limiting the resources of the 
refiner and thus further increasing cost. In this con- 
nection, J. H. Doolittle made the significant statement 
several years ago that if all aviation gasoline were of the 
100 octane grade, the premium between 100 (Army) 
and 87 (A.S.T.M. Motor) could be reduced from the 
then present 8-9 cents per gallon to about 5 cents. By 
similar reasoning, it would be interesting to learn what 
premium might be necessary if the airlines went entirely 
to 95 octane (A.S.T.M. Motor) fuel. 

Although the 55 million gallons of fuel consuined by 
the scheduled airlines in 1939 was less than 0.3 percent 
of the 23 billion gallons of motor fuel consumed in the 
United States, the airlines are increasing such gallonage 
gradually but definitely. The rising importance of air- 
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craft as a means of transportation is obvious, but even 
if the number of passenger miles or mail and freight 
miles flown in the United States each year were increased 
many fold, there would still be no doubt that the oil 
industry could and would meet every demand placed 
upon it for the economic manufacture of higher and 
higher octane fuels, whether of the currently used vola- 
tile-type or the so-called high-flash type. 
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Discussion* 


R. C. Alden 
Phillips Petroleum Company 


There is not much to be added to the viewpoints that have 
been expressed already. It is evident from all that has been said 
that the oil industry has already installed far greater manufactur- 
ing facilities for high octane aviation gasoline than is needed to 
supply the current domestic airline consumption. Thus, it seems 
to be only a matter of time until the airline operators will be using 
100 octane number gasoline. 

One important aspect that the aviation people do not seem to 
consider sufficiently is the economic effect of specifications. The 
supply of petroleum products is such that every specification im- 
posed restricts the available supply. Thus, there are in conven- 
tional aviation gasoline specifications requirements which keep 
aromatic and olefinic hydrocarbons from this market. Even in 
the limited field of paraffinic hydrocarbons such a restriction as 


* The comments appearing on these pages represent a slightly 
condensed version of the discussion as submitted. 


a maximum vapor pressure of 7 pounds severely restricts the 
supply. Thus, it has been estimated that if the vapor pressure 
were raised to 10 pounds, the supply of 100 octane number gaso- 
line would be doubled. Going in the other direction to the ex- 
treme of so-called safety fuels or fuels of very low vapor pressure, 
the supply of 100 octane number fuel would be reduced by more 
than fifty percent. Such drastic revisions in the supply, brought 
about by comparatively minor numerical revisions in specifica- 
tions, are certain to have considerable bearing on the classical 
relationships of supply, demand, and price. 


D. P. Barnard 
Standard Oil Company (Indiana) 
HiGH OcTANE NUMBER GASOLINES 
The fuei supplier is continually receiving requests for aviation 


fuels having rigidly specified characteristics, one of which is in- 
variably a high octane number. The difficulties which must be 
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overcome in meeting any of these requests will be appreciated 
when it is considered that out of about 400 individual hydrocar- 
bons theoretically available for use in aviation gasoline, only 
about 6 can actually be used in the case of fuels of about 95 octane 
number clear. The use of lead increases this number only com- 
paratively slightly. The effect of the various restrictions is to 
place aviation fuel manufacture in the category of a manufac- 
turing chemical operation. The number of hydrocarbons avail- 
able for use in very high octane number fuels could almost im- 
mediately be doubled if aromatics, with their heating values (on a 
weight basis) of 91 to 94 per cent of those of isoparaffins, could be 
accepted. 

The purpose of these comments is to emphasize the relation of 
the restrictions imposed upon aviation fuel qualities to the diffi- 
culties attending manufacture. It appears that practically all 
current specifications contain requirements which have been 
introduced through the use of judgment in the solving of certain 
specific difficulties. This is particularly true of the 50 per cent 
point which is invariably specified, although there appear to exist 
no data definitely relating this factor to engine performance. 
In this case the conventional 50 per cent point specification of 
212°F. frequently interferes with the use of isooctane which in its 
commercial quality boils between 210°F. and 240°F. 


H1GH-FLASH AVIATION ENGINE FUELS 


The recent active discussions of so-called ‘‘safety’’ fuels leads 
this discussor to object violently to the application of the word 
‘“‘safety”’ in describing such products. ‘‘Safety” in any kind of an 
operation involving the activities of human beings has a wide 
variety of possible legal connotations. It does not seem to be 
within the province of the fuel industry, or the aviation engine 
manufacturing industry, or of any technical or business man to 
take upon himself the responsibility for determining what consti- 
tutes a safe operation, particularly if it involves (as in the present 
case) the activities of individuals not under direct control. Fur- 
ther, the term cannot help but carry with it the implication that 
with its use an operation was formerly unsafe but now becomes 
quite safe in the popular sense of the word. It would seem fair 
and proper that groups such as this should confine their discus- 
sions to the technical considerations involved and should refrain 
from using a legal term having broad implications in discussing a 
factor of very limited significance. 

At the present time no specification for a high-flash fuel has 
been written. There seems to be some indication, however, that 
such fuels will of necessity be of narrower boiling range than cur- 
rent type gasolines. It is true that as molecular weight increases 
the number of possible isomeric hydrocarbons increases. This is 
largely of academic interest, however, as the basic requirements of 
high knock rating and high heat content render quite small the 
number of hydrocarbons that may be used, while the increase in 
the total possible number adds greatly to the complexity of the 
manufacturing problem. : 

In connection with the efforts of the petroleum industry to 
manufacture high-flash fuels, it appears that certain advice should 
be supplied by the potential users of those fuels. This advice 
should take the form of the most complete possible evaluation of 
the desirability of such fuels relative to gasoline. For example, 
it would be most helpful if the fuel manufacturer could be advised 
as to the heat content penalty which could be tolerated in the 
interest of securing a fuel of high-flash point characteristics (all 
other qualities being strictly comparable), or the difference in 
octane number which might be associated with the difference in 
utilization value of two types of fuel, again assuming that all 
other characteristics are similar. The sooner advice along lines 
such as those indicated can be made available, the sooner will the 
fuel manufacturer be in a position to develop processes for the 
manufacture of high-flash aviation engine fuels. 


JOURNAL OF THE AERONAUTICAL SCIENCES 


Gustav Egloff and J. S. Bogen 
Universal Oil Products Company 


One of the biggest factors in the elimination of the excessive 
premiums that high octane fuels bear today will be the removal of 
several grades of fuel from the airline specifications so that the 
refiners can concentrate all of their output on a few grades. A 
valient attempt was made in this direction when the present air- 
line specifications were adopted, but it is believed that we can go 
still farther. Obviously, the distribution and storage problem 
attendant with a large number of grades of fuel is one which is 
very costly. 

Most 100 octane number fuels, by the new CFR Aviation knock 
test method, would probably rate about 98 to 99 octane number 
by the present Motor method. If the airlines would all concen- 
trate upon a fuel of this rating for their new equipment and 
change over their old engines as they need rebuilding, we believe 
that the fuel sales would be sufficiently great to merit a substan- 
tial reduction in the premium prices charged for these fuels. If 
the grades of fuel used by the airlines can be made similar to those 
used by the Army and Navy, a still further reduction in cost 
should be made possible. 

One side of the synthetic fuel production picture that has been 
neglected is the use of dehydrogenation for the production of ole- 
fins. When dehydrogenation enters the high octane picture, it 
becomes even more optimistic. For refiners lacking sufficient 
olefins for their polymerization or alkylation processes, a dehydro- 
genation unit will turn paraffin gases into olefins for synthesis to 
high octane volatile or high-flash type fuels. Also it is a means of 
using the excess of paraffin gases available today. The following 
table gives a brief glimpse into the potentialities of dehydrogena- 
tion. The volumes of aviation gasoline from the various sources 
given in the table range between 85 and 96 octane without the 
use of tetraethyllead. These volumes obviously would increase 
by adding lower grade gasolines which are available and then add- 
ing tetraethyllead to produce the octane rating desired. 


AvIATION GASOLINE POTENTIALLY AVAILABLE FROM HyDROCARBON GASES 


Millions of Octane 


Process Gallons Number 
Polymerization of available butenes followed by 
hydrogenation 1095 85 
Dehydrogenation of available butanes followed by 
lymerization and hydrogenation 2180 96 
Thermal alkylation of isobutane and ethylene 1290 95 
Sulfuric acid alkylation of isobutane and butenes 1715 93 





In taking a general overall view of the fuel availability picture, 
we gain the impression that if the petroleum refiners, the airline 
operators, the engine builders, and perhaps the military services 
could all sit down at the same table it would be possible to work 
out an economic balance, based upon present demands and reve- 
nues, that would make it profitable for the airlines to shift to 
95-100 octane number fuel with benefit for all concerned. 


R. E. Ellis 
Standard Oil Development Company 


The author has presented information concerning the availa- 
bility of base aviation gasolines which are, and will continue to 
be, the chief sources of supply in the make-up of our aviation fuels. 
The base gasolines with additions of tetraethyllead up to 4 cc. per 
gallon provide all grades up to and including 90 octaue. For 
grades above 90 octane, high octane blending agents are added to 
the base gasolines. Until recently only straight-run gasolines 
have been acceptable as base aviation fuels, and in view of the 
extremely small yield from crude, there existed the serious possi- 
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bility that the increased demand for aviation fuel would be greater 
than the supply. For this reason, it may be well to emphasize 
the importance of the several processes—hydrogenation, catalytic 
cracking and hydroforming—which are now available to supple- 
ment supplies of base aviation gasolines. The industry is no 
longer dependent on straight-run virgin naphthas which definitely 
limit supplies, but has available the above mentioned processes 
which are capable of producing unlimited supplies of high quality 
base aviation gasolines from kerosene, light gas oils and heavier 
feed stocks. 

In discussing the subject of aromatic hydrocarbons and their 
use as blending agents, an 8 to 9 per cent difference in heat value 
would be representative of the essentially paraffinic and aromatic 
blending agents. Of more importance is the difference in calorific 
value of the finished partially aromatic fuels which the author 
mentions as having high acceptibility in Europe for aviation pur- 
poses. These fuels probably have calorific values approximately 
two per cent lower than the essentially paraffinic aviation fuels. 

“Safety”’ or high-flash fuels can be made available in very sub- 
stantial quantities and the price of these fuels will depend on the 
specifications which are finally decided upon, and the consumer 
requirement. During the last five years, we have seen 100 
octane aviation gasoline become commercially available, and the 
price has decreased as increased demands have warranted refiners 
putting into operation new and improved processes of manufac- 
ture. It is reasonable to expect that aviation safety fuels will fol- 
low the same cost trend of aviation gasolines of equal octane value, 
provided specifications are not too restrictive and a substantially 
similar consumer demand develops. 

It is reasonable to expect that the industry will desire high- 
flash fuels having an octane value at least equal to the 100 octane 
gasoline now commercially available in large quantities. High- 
flash fuels of 100 octane and higher can be manufactured, but such 
products presently require the use of special feed stocks which are 
of relatively low availability and which will require special proc- 
essing. However, there is available immediately a large poten- 
tial supply of 95 octane high-flash fuel which may be made by 
alkylation. This fuel is essentially paraffinic, has a narrow boil- 
ing range—approximately 310°F. initial boiling point and 400°F. 
final boiling point—and a flash point not less than 100°F. It is 
necessary to use 3 to 4 cc. of lead per gallon to obtain 95 octane 
value. In view of the immediate availability of this 95 octane 
alkylate safety fuel, and also in view of the economical aspects, it 
would seem logical to consider the selection of a 95 octane safety 
fuel as a tentative standard grade. This grade thus would serve 
as a reference standard for the time being for engine development 
and petroleum research. 


Raymond Haskell 
The Texas Company 


About two years ago, there was presented in this room some 
preliminary thoughts on the possibilities of synthetic fuels for 
aviation engines. Attention was called to certain compounds 
that had high antiknock, but so far could not be made commer- 
cially. Mr. Hubner’s paper shows us that many of these are 
now commercial, and at a price which the aviation industry can 
afford to pay, though, of course, not so low priced as regular 
aviation gasoline. I am particularly hopeful that this so-called 
“safety” fuel will fill a need in the industry where unusual safety 
precautions are necessary. If it can reduce fire hazard, it is 
worth a trial. 

The ability of these high octane fuels, both regular and safety 
type, to give better economy and more power, if the engine is de- 
signed for them, puts the problem largely into the hands of the 
engine manufacturer, as well as the oil producer. If, by changing 
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methods of manipulating the fuel, more power can be obtained, or 
a greater reserve power may be in hand, this again is worth con- 
siderable study and experimentation. 

I prophesy by the next meeting of this Institute that we shall 
be further surprised by the progress made toward the practical 
use of these new high octane fuels; maybe the problem will be 
completely solved. 


W. H. Holaday 
Socony-Vacuum Oil Company, Inc. 


It would seem important to point out that the use of catalyti- 
cally cracked gasoline is of major importance in making available 
larger quantities of higher octane number base stock for use in 
aviation fuels, and, in particular, eliminate some of the disadvan- 
tages encountered in the distribution of high octane number 
straight-run stocks made from certain specific crudes. 

I believe it is also important to point out that the petroleum 
industry is not attempting to force upon the aviation industry the 
use of safety fuels. Up to the present time the petroleum indus- 
try has surveyed the possibilities of producing high-flash fuels 
from stocks now available in their refineries. It is important, 
however, to note that the petroleum industry has shown a co- 
operative spirit in making available information on the possible 
production of fuels of this type, and one may well expect that suf- 
ficient quantities of high octane number safety fuels can and will 
be made available when the demand arises. 


R. D. Kelly 
United Air Lines Transport Corporation 


About two years ago United Air Lines made an analysis on their 
system attempting to arrive at the value of a pound of weight 
saved on DC-3 type airplanes. This analysis was based on the 
total number of airplanes in operation, the total number of trips 
flown, the average length of flight, the revenue received per pound 
of payload and the average number of trips for which there would 
be additional payload tocarry. This analysis resulted in a figure 
of approximately $20.00 per pound per airplane per year. Since 
that time, this value has been used as more or less of a yardstick 
in determining whether any given modification, resulting in either 
increased or decreased weight, can be justified. 

This figure was also used in making an analysis to determine the 
possible premium which could be paid for higher octane fuel. 
For instance, it was assumed that by making certain modifica- 
tions in present engines, 100 octane fuel could be used and should 
result in a reduction in fuel consumption of approximately 10 per- 
cent. However, the changes in the engine would probably result 
in a weight increase of 100 pounds per engine. Using these as- 
sumptions, together with the $20.00 per pound figure, and based 
on average U.A.L. trip lengths, it was demonstrated that in order 
to break even, the cost of 100 octane fuel must not exceed the 
present cost of 87 octane fuel by more than 3 cents per gallon. 
This does not take into consideration any charges due to change- 
over or to possible increased maintenance of engines modified to 
use this fuel. 

The airlines have been encouraged, however, to see the mili- 
tary services and the fuel producers take a more forward step in 
this matter. We all realize that ultimately higher octane fuels 
will probably provide the only way of obtaining lower specific 
fuel consumptions and, consequently, lower fuel weights for a 
given trip. Since fuel is by far the largest single item of dispos- 
able load which, if reduced, can be turned into payload, we must 
look to better fuel economy as our best opportunity for increas- 
ing actual payload. 








Mechanically Driven Superchargers 


RICHARD S. BUCK 
Pratt and Whitney Aircraft Division, United Aircraft Corporation 


IFTEEN years ago it was considered a novelty to 
use superchargers as standard equipment in air- 
craft engines. With the exception of a few experi- 
mental installations, superchargers were chiefly used 
for the purpose of obtaining better fuel distribution 
and overcoming the losses in the induction system. 
During the last ten years the altitude and sea level per- 
formance of aircraft engines has increased tremen- 
dously. It was inevitable that the supercharger should 
be called upon to increase altitude performance but the 
improvements in the octane value of fuels and the 
developments in engine cooling have permitted large 
increases in specific engine performance at sea level as 
well by means of supercharger boost. Therefore, the 
supercharger has grown from a novelty to a factor of 
great importance on aircraft engines. This growth in 
engine performance and the increase in the use of super- 
charging during the last fifteen years is shown in Fig. 1. 
Presented at the Power Plants Session, Eighth Annual Meet- 
ing, I.Ae.S., New York, January 24, 1940. 
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charger performance. 


Superchargers may be either exhaust-turbine driven 
or mechanically driven from the engine through gear- 
ing. There is a distinct field of application for both 
these types, and when the exhaust-driven supercharger 
is used for high altitude performance, the mechanically 
gear-driven supercharger usually is used in conjunction 
with it. 

It is the object of this paper to discuss briefly the 
characteristics of mechanically gear-driven super- 
chargers, and to present some of the elementary prob- 
lems involved in estimating their performance on air- 
craft engines. 


SUPERCHARGER DESIGN 


The conventional aircraft engine supercharger con- 
sists of an entrance passage, an impeller, a diffuser, and 
a discharge collector as shown in Fig. 2. The super- 
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charger is usually located in the rear section of the en- 
gine and may be either behind the accessory section or 
between the accessory section and the power section. 
On radial engines, the latter position is generally used 
because of the difficulty in locating accessories between 
the intake pipes and the engine. In this case, where the 
accessories are located behind the supercharger, they 
must be driven by a long shaft which passes through the 
inside of the impeller shaft. The air intake passage is 
located between the impeller and the accessory section 
and surrounds the housing around the impeller drive 


shaft. 
SUPERCHARGER ENTRANCE PASSAGE 


The supercharger entrance passage should deliver the 
air, or fuel and air mixture, uniformly to the impeller 
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entrance and with minimum pressure loss. The design 
of this passage is very important since a poorly de- 
signed passage may ruin an otherwise efficient super- 
charger. If the space available in the fore and aft 
direction were not limited, as might be true with cer- 
tain types of engines, the design of this passage would 
be much simpler. In most cases, however, every frac- 
tion of an inch taken by the supercharger entrance 
passage adds the same amount to the overall length of 
the engine, and it is necessary to make a compromise 
between supercharger efficiency and engine weight and 
length. 

The greatest difficulty in the design of the entrance 
passage is to make the air turn the corner before enter- 
ing the impeller. Several methods have been evolved 
to accomplish this. One method is to place a large 
chamber or reservoir ahead of the impeller in order to 
permit the air to slow down somewhat and to become 
stabilized. The walls surrounding the entrance to the 
impeller may project into this chamber and form a lip 
over which the air flows equally from all around the 
circumference. Another impeller entrance shape com- 
monly used is shown in Fig. 2. In this case a plain el- 
bow is used, and due to the short space available, guide 
vanes may be installed, as shown, to carry the air or 
mixture around the bend. 


Any pressure lost in this passage is multiplied by the 
supercharger compression ratio creating a greater loss 
in manifold pressure. Thus with a compression ratio of 
21/2 to 1, a loss equivalent to 1 in. of mercury upstream 
of the impeller would result in 2'/: in. loss of manifold 
pressure. 

Any non-uniformity of flow at the impeller entrance 
will also be reflected throughout the impeller, diffuser, 
and collector. This is particularly important if fuel is 
injected from a carburetor upstream of the super- 
charger since the unvaporized liquid may be thrown 
to the outside of the bend causing a richer mixture at 
one portion of the impeller entrance. At one time it 
was believed that the impeller acted as a fuel dis- 
tributor equalizing the flow to the diffuser. This, 
however, has been disproved by tests in which liquid 
fuel injected at various points in the impeller entrance 
was found to leave the diffuser in unequal concentra- 
tions. It is therefore necessary that both the air and 
fuel enter the impeller uniformly. 

The simplest way of determining whether or not an 
inlet passage will be satisfactory for the supercharger 
is by model testing. This may be accomplished by 
building models of the inlet passage and connecting the 
entrance to a blower. The exit opening of the model, 
corresponding to that portion of the supercharger 
passage normally in the plane of the impeller entrance, 
may be investigated. Air distribution and losses 
may be determined by exploring the discharge opening 
with pitot tubes. Fuel distribution may be checked 
also, by installing a carburetor at the entrance to the 


model and injecting a liquid into the airstream in the 
same manner and place as it would be injected in the 
actual engine. It has been found by such tests that the 
position of guide vanes in the elbow is very critical. 
Sample vanes may be inserted in the model and 
changed around until suitable air and fuel distribution 
is obtained. Since, in the model, there is no actual 
spinning impeller to disturb the air in the entrance 
passage, the distribution tests on the model cannot 
accurately simulate running conditions. However, 
these tests will serve as a guide or a starting point from 
which reasonably good results may be expected. 


IMPELLER AND DIFFUSER 


Very little information has been published on the 
subject of impeller and diffuser design, particularly 
with reference to airplane superchargers. The im- 
peller is usually built with thin radial vanes or blades, 
the entrances of which are curved with the object of 
affording zero angle of incidence to the entering air. 
In purely centrifugal impellers, the air makes a right 
angle turn after entering the impeller and is thrown 
outward in a radial direction due to centrifugal force. 


The air leaves the impeller with a velocity which is a 
component of its radial and tangential velocities and 
enters the diffuser. The diffuser usually consists of a 
number of expanding passages separated by vanes al- 
though vaneless diffusers have been used in numerous 
instances. The vanes may be considered as boundaries 
of the diffuser passages rather than as airfoil sections. 
Their leading sections are usually made thin and sharp 
and should normally be at the angle which will afford 
zero angle of incidence to the air leaving the impeller, 
in order to minimize shock losses. The normal path 
of air through a vaneless diffuser approaches that of a 
logarithm spiral, but in vaned diffusers, the passages 
may deviate from this path. The passages should not 
expand too rapidly, otherwise, breakaway will occur 
and they should discharge the air into a collector with 
a velocity low enough to prevent excessive losses. 


Care must be taken to see that the pressure pulses 
set up by the impeller blades passing the entrance of 
the diffuser vanes do not excite resonant frequencies in 
the impeller blades. The natural frequencies of the 
impeller blades can be determined experimentally by 
plucking or bowing the blades and identifying the 
sound with a frequency meter. It is not desirable to 
have the impeller blade frequency in resonance with 
the pressure pulses set up by the diffuser vanes at 
normal engine operating speed, since continuous 
operation under these conditions can produce fatigue 
failure of the impeller blades. If it is impracticable to 
change the natural frequency of the impeller blades, 
it may be necessary to change the number of diffuser 
vanes. 
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SUPERCHARGER COLLECTOR 


The air, as it leaves the diffuser, will discharge into a 
collector. In in-line engines this collector may con- 
sist of scrolls with from one to four outlets, and these 
scrolls may act as continuations of the diffuser, giving 
a gradual and smooth expansion to the air before enter- 
ing the manifold. In radial engines, the intake mani- 
folds are arranged radially about the collector, usually 
one for each cylinder. These cannot be continuations 
of the diffuser since flow into these intake manifolds is 
intermittent, whereas the flow from the diffuser should 
be steady. Therefore, in the radial engine the collec- 
tor acts as a storage reservoir which is filled with very 
turbulent air. To keep collector losses at a minimum, 
the velocities in it should be kept low by making the 
collector as large as possible. 

The number of vanes in the diffuser usually bears a 
definite relationship to the number of collector outlets 
or intake manifolds in order to give equal distribution 
of fuel and air in each manifold. Thus, a super- 
charger which has a collector with two scroll type out- 
lets will normally carry a diffuser with an even number 
of vanes, and for example, a 14 cylinder radial engine 
will have a 7 or 14 vaned diffuser. 

This relationship is not always essential however 
since there have been many cases where good distribu- 
tion was obtained without it. If the fuel-air ratio is 
uniform and the fuel is completely vaporized in the 
mixture leaving the diffuser passages and the collector 
is large enough to equalize the air distribution to all 
manifolds, then the number of diffuser passages is of 
little importance from the distribution point of view. 


TESTING THE SUPERCHARGER 


It is essential that the complete supercharger be 
tested before it is installed in an engine to determine not 
only whether its efficiency is satisfactory but also if its 
capacity characteristics are adequate for all engine 
operating conditions. In any supercharger connected 
to the engine through a set of step-up gears, there is a 
definite design relationship between the engine dis- 
placement, the impeller speed, and the airflow rate, 
Q. Fig. 3 gives an example of supercharger efficiency 
curves for a typical centrifugal supercharger. Thermal 
efficiency is plotted against load coefficient Q/N where 
Q represents the cubic feet per minute of airflow at the 
impeller entrance and JN represents the impeller speed. 

If more than one gear ratio is used to drive the super- 
charger, it is also essential that the supercharger 
capacity is such that the load coefficient for both 
gear ratios lies within the efficient operating range of 
the supercharger. The theoretical load coefficients for 
two typical gear ratios are shown on Fig. 3. The 
higher gear ratio normally will lie at the lower load 
coefficient, and care must be taken in the design of the 
supercharger to insure that this load coefficient is far 
enough away from the pulsation point, which is repre- 
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sented by the left-hand end of the curves. If, when the 
supercharger is mounted on the engine, it happened to 
operate at or near the pulsation point, a marked reduc- 
tion in engine power may occur. This condition in the 
engine is difficult to analyze and can be found only 
after close comparison between the supercharger tests 
and the engine performance tests. 

Changes in Q can be produced by changes in volu- 
metric efficiency which in turn may be due to changes 
in altitude, r.p.m., and manifold pressure, so that the 
actual supercharger operating load coefficient will 
vary over a considerable range. Fig. 4 gives a typical 
example of the variation of load coefficient with r.p.m. 
and manifold pressure. This shows how difficult it may 
be to correlate supercharger test results with engine 
operation conditions. 


EFFECT OF Tip SPEED 


It has been found that impeller tip speed often has a 
marked effect on supercharger efficiency. The ex- 
ample, Fig. 3, shows low efficiencies at tip speeds 
above 1100 ft. per sec., which might theoretically be 
attributed to the fact that the air velocities are ap- 
proaching the compressibility point. However, this is 
hard to demonstrate in practice due to difficulty in 
measuring true pressures and temperatures at the 
diffuser entrance. Since the speed of sound varies 
theoretically as the square root of the absolute tem- 
perature, it is reasonable to expect that the injection 
of fuel into the air before it enters the supercharger 
and also a lowering of temperature due to increased 
altitude will lower the critical speed. This must be 
borne in mind if the superchargers are tested without 
the injection of fuel into the air upstream of the im- 


peller. 
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Fic. 3. Thermal efficiency of typical supercharger. 
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Fic. 4. Variation of load coefficient Q/N with manifold pres- 
sure and r.p.m. on simulated altitude test. 


EFFECT ON ENGINE PERFORMANCE 


The effect of the mechanically driven supercharger 
on engine brake-horsepower is often confusing, due to 
the following variations: (1) changes in pumping 
losses caused by variations in the difference between 
manifold pressure and back pressure; (2) variation in 
air charge caused by the variations in exhaust back- 
pressure; (3) variations in the power required by the 
supercharger; (4) changes in engine volumetric 
efficiency, etc. 

During the intake stroke, the supercharged pressure 
in the combustion chamber drives the piston down 
against the pressure in the crankcase. During the 
compression and expansion strokes, valves are closed 
and external pressures have no effect. During the 
exhaust stroke, the piston, in its upward travel, is 
opposed by the pressure in the combustion chamber, 
which, among other things, is a function of the exhaust 
back-pressure. Since the pressure in the crankcase 
during the cycle remains substantially a constant, the 
effect of variations in crankcase pressure is negligible. 
Therefore, if the mean pressure during the intake 
stroke is greater than the mean pressure during the 
exhaust stroke, such as would occur with a super- 
charged engine, work is done by the charge on the 
piston, and this work is a function of the difference 
between the manifold pressure and the exhaust back- 
pressure. Conversely, if the mean pressure during the 
intake stroke is less than the mean pressure during the 
exhaust stroke, as with a naturally aspirated engine, 
work is done by the piston on the charge. If indicator 
cards were taken, in the supercharged case a pumping 
loop would represent the work done by the charge on 
the piston during intake and exhaust strokes, and in the 
naturally aspirated case another pumping loop would 
represent the work done by the piston on the charge. 
Therefore, in the first case, the indicator card horse- 
power is normally increased by an amount proportional 
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to the pumping loop, and in the second case, it is de- 
creased. Thus, any change in the difference between 
manifold pressure and exhaust back-pressure will 
change the indicator card horsepower. These changes 
are commonly referred to as changes in pumping horse- 
power. 

The indicator card horsepower is also changed by 
variations in the charge weight caused by changes in 
back-pressure. If the manifold pressure were held 
constant and the exhaust back-pressure were de- 
creased, less exhaust gas would remain in the com- 
bustion chamber at the end of the exhaust stroke; 
i.e., the combustion chamber would receive a greater 
charge during the intake stroke. This increased 
charge weight, which corresponds to greater volumetric 
efficiency, will cause an increase in indicated horse- 
power and the corresponding mean effective pressure. 

Changes in the air charge weight due to changes in 
back-pressure will produce corresponding changes in 
the power input to the supercharger as well as in the 
power output of the engine. These changes in the 
supercharger input due to this cause are small, how- 
ever, in proportion to the total engine output. 


Cost OF SUPERCHARGING 


When the engine is supercharged, work is done by 
the air charge on the piston as previously mentioned. 
However, when the supercharger is driven by the 
engine crankshaft, the power supply of which is 
derived from the piston, all the power going into the 
supercharger cannot be charged to the supercharger. 
That is, the cost of supercharging, or pumping horse- 
power, is that power required to drive the supercharger 
minus the pumping horsepower regained by the engine 
while being driven as an air engine during the intake 
and exhaust strokes. 


ALTITUDE PERFORMANCE 


There are so many variables which affect super- 
charger characteristics that it is impossible to calculate 
the altitude performance at the present time with any 
degree of accuracy. However, altitude performance 
of new engines can be estimated from the actual per- 
formance figures obtained during altitude calibrations 
of similar engines. Some of the variables which affect 
supercharger and engine performance are as follows: 


(A) Changes in supercharger efficiency caused by: 

(1) Changes in load coefficient due to variations in 
volume airflow; 

(2) Induction system pulsation; 

(3) Fuel evaporation at various points through the 
supercharger ; 

(4) Cooling and heating effects from the walls of 
the supercharger and induction system; 

(5) Changes in the latent heat of fuel evaporation 
due to density changes; 
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(6) Difficulties in obtaining true temperature and 
pressure measurements; and 

(7) Changes in impeller speed. 
(B) Changes in engine power due to: 

(1) Variations in supercharger horsepower require- 
ments; 

(2) Variations in air consumption due to altitude; 

(3) Variations in pumping losses in the cylinder due 
to altitude; 

(4) Variations in temperature and ram at the 
supercharger intake; 

(5) Changes in the mechanical efficiency of the 
engine due to cooling; 

(6) Changes in supercharger efficiency with Q/N 
and speed. 


These changes, together with many others, con- 
tribute to the difficulty of accurate supercharger per- 
formance calculations. However, after an actual 
engine calibration, supercharger bench data and engine 
performance data can generally be correlated. 

The performance characteristics of a hypothetical 
engine plotted against altitude are shown in Fig. 5. 
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Altitude performance curves with two- 
speed supercharger. 


Fic. 5. 


The values shown in these curves are purely hypothe- 
tical, since several assumptions were made which do 
not apply in actual cases. 

The curves represent the performance of an engine 
with an infinitely variable speed supercharger deliver- 
ing a constant manifold pressure of approximately 
40” Hg. Constant supercharger efficiency, engine 
r.p.m., fuel—air ratio, and standard altitude temperature 
and pressures are assumed. No account is taken of 
the effect of fuel evaporation or of any cooling or 
heating of the charge in the induction system. The 
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top group of curves shows the distribution of power 
and how a portion of the power required to drive the 
supercharger is regained. The gain in indicated horse- 
power due to increased air charge, which is caused by 
the decrease in back-pressure with altitude, is illus- 
trated. The method of plotting the curves in this 
group agrees with the following equations: 


B.h.p. + Total friction h.p. 
B.h.p. + Mechanical friction h.p. + 
Net pumping h.p. 
B.h.p. + Mechanical friction h.p. + 
Supercharger h.p. — Pumping h.p. regain 


I.h.p. 


Mechanical friction h.p. in this particular case is de- 
fined as the h.p. required to drive the engine without 
the supercharger and, therefore, includes the pumping 
losses inherent in a naturally aspirated engine. As 
previously mentioned, both the increase in air charge 
weight and pumping regain are variables which depend 
on the particular engine. 

The intake manifold density falls off due to increase 
in manifold temperature, since the manifold pressure 
is held constant. The cost of supercharging is shown 
by the loss in mechanical efficiency and the correspond- 
ing increase in brake specific fuel consumption. These 
values will differ with every engine and with the amount 
of supercharging required. 

The maintenance of constant manifold pressure with 
altitude is used as a convenient power control. It is 
desirable, however, to maintain as high a density 
in the manifold as possible without overloading or 
overheating the engine and thereby causing detonation. 
In addition to giving high mechanical efficiency, the 
use of a heat exchanger or intercooler between the 
supercharger and engine permits operation with higher 
manifold density. 


MULTISPEED SUPERCHARGERS 


Infinitely variable speed superchargers which will 
produce a constant manifold pressure at full throttle, 
as shown in Fig. 5, have not been built in large quan- 
tities up to the present time. Some modern aircraft 
engines contain multispeed gear drives with clutches 
for shifting from one speed to the next. Fig. 6 shows 
the brake horsepower, supercharger power, and mani- 
fold pressure for such an engine compared to those with 
an infinitely variable speed supercharger drive. 

The line FD shows the possible engine performance 
at constant manifold pressure with infinitely variable 
supercharger drive. In the conventional engine, how- 
ever, there are only two gear ratios available, so that 
most of the time the engine must be throttled to main- 
tain constant manifold pressure. The operation for 
this engine is shown by the path ABCDE. Point B is 
the critical altitude for the low gear ratio, and point D 
is the critical altitude for the high gear ratio; the 
throttle is wide open beyond each of these points. 
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Fic. 6. Altitude performance for engine with variable 
speed supercharger. 


The triangles FAB and BCD represent the penalty of 
not having an infinitely variable speed supercharger. 

The shift from low to high speed should be made 
exactly at point C. When the shift is made at this 
point, the increase in manifold pressure back to the 
value maintained from A to B counterbalances the 
increase in power required by the supercharger as it 
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Jane’s All the World’s Aircraft 1939, edited by CHarLeEs G. 
Grey and LEONARD BRIDGMAN; Sampson Low, Marston and 
Company, Ltd., London, 1940; 537 pages, 2£, 2s. 

One can well imagine the difficuities of compiling a book of 
this kind under wartime conditions. That these have not ma- 
terially altered either the size or the value of this volume over 
that for 1938 is a tribute to the editors. 

Mr. Grey describes in the pretace some of the difficulties en- 
countered and compares them with those present during the years 
1914-18. Normally much information on British types is trans- 
ferred from the ‘‘Secret List’ to the ‘“‘Open List” in time to 
include it in the book; this was not done for the present volume. 
Similar exact information is not available for some of the German 
airplanes. However, one German firm mailed particulars on 
their models on August 30th so that they arrived in England 
alter war had been declared. Also, an adequate explanation of 
the Departmental Organization of the German Air Ministry and 
of the Air Force was received during August through diplomatic 
channels. 

French information has been difficult to get because, to quote 
Mr. Grey, “until well into the year 1939 there were few French 


shifts into high speed. If the shift from low to high 
were thade too soon, such as at point J, the power 
would drop from J to G, and the performance repre- 
sented by triangle JGC would be wasted in driving the 
supercharger. If the shift were made too late such as 
at point H, power would not be wasted, but maximum 
permissible performance would not be obtained. 

There are many other phases of supercharging which 
might be presented in this discussion, such as two- 
stage supercharging, intercooling problems and the 
development of supercharger drive mechanisms. How- 
ever, each of these is an extensive subject in itself and 
the scope of this paper does not permit their inclusion. 


CONCLUSIONS 


There are two major problems involved in the de- 
velopment of mechanically driven superchargers; 
first, the problem of building a machine which will be 
as efficient as possible, and second, the problem of 
making this machine fit the operating characteristics 
of the engine. 

The design of a supercharger requires a thorough 
knowledge of what happens through each part of the 
supercharger itself, and this knowledge can be obtained 
only by test. 

Supercharging development is handicapped by a 
general lack of information regarding the character- 
istics of internal combustion engines when operating at 
high altitude. 

Although superchargers can be developed by build- 
ing and testing the completed machine on the bench 
and then on the engine, it is a slow, crude and wasteful 
method. There is a vital and urgent need, if the 
supercharger is to be used to its utmost, for a major 
research problem. 


Review 


airplanes or engines to describe,’’ and those which came out later 
were on the ‘‘Part Publication List.’’ Mr. Grey pays high 
tribute to Premier Daladier for awakening the French aviation 
industry from its lethargy. 

The German aircraft industry is well represented, though, of 
course, complete data on the more recent types are not given. 
The concerted effort of the German industry to sell their prod- 
ucts abroad accounts for a large part of the information that 
has been made available. As a result, the data included give a 
fairly comprehensive idea of the German Air Force and German 
airplanes and engines in use for some time after the declaration 
of war. 

Naturally the United States leads in the total number and in 
the number of new types for which data are available. While 
restrictions exist on the release of figures, they are apparently 
not as stringent as those prevailing in the belligerent countries 
There are 75 new types not reported in the previous volume. 

The section on Great Britain is next, with 36 photographs and 
drawings of new types. Germany follows with 17 new types; 


(Continued on page 3357) 








A Photoelastic Study of the Stresses in 
Wing Ribs 


THOMAS J. DOLAN ann DONALD G. RICHARDS 
Unwersity of Illinots 


ABSTRACT 


To investigate the stresses in wing ribs by the photoelastic 
method of stress analysis, tests were made employing five small 
transparent Bakelite models of various wing rib designs subjected 
to a loading condition similar to that occurring on a wing in the 
positive high angle of attack position. Photographs of the 
interference fringes, formed on the image of the model when 
stressed in polarized light, were interpreted in terms of stresses 
in the models. These data permitted the study of maximum 
stresses and all boundary stresses, prediction of the probable 
point and type of failure, and the study of relative weights of 
the various designs for the same thickness. 


OBJECT OF THE TESTS 


HE authors have attempted to determine the 

distributions of stress in several types of wing 
rib subjected to a set of static loads that produced a 
load distribution similar to that encountered by the 
wing in severe service conditions. The photoelastic 
method of stress analysis was employed in the tests 
to determine the feasibility of utilizing the method as 
an aid in the stress analysis necessary to improve 
present wing rib designs. 

The tests described in this paper were conducted 
with several purposes in mind, namely: (1) to locate 
the positions of maximum stress, and to study all 
boundary stresses in various rib designs when subjected 
to a severe static load distribution likely to occur in 
flight; (2) to study the relation between type of de- 
sign, relative weight, and maximum stresses developed; 
(3) to test the validity of the assumptions made in the 
ordinary mathematical stress analyses of rib structures; 
(4) to examine the practicability of the photoelastic 
method of analysis as applied to the study of stresses 
in wing rib structures. 


Types OF MopEL TESTED 


The photoelastic method of stress analysis has been 
described in detail in many short articles and trea- 
tises,'?3 and will not be outlined in this discussion. 
The tests were made on flat annealed, Bakelite models 
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having a nominal thickness of '/, in. whose contours 
were cut to the same geometric proportions as standard 
types of wing rib, but were reduced to a scale ap- 
proximately '/; full size. Five models of different 
design types were made, and several of these were 
then modified and retested giving a total of ten different 
designs which were analyzed. Fig. 1 shows a photo- 
graph of the models used in tests of five of the design 
types, and Figs. 2 and 3 give the details and nominal 
dimensions of the test models. 





Fic. 1. Models of five of the design types. 


The models of designs 1 to 3, inclusive (see Fig. 2), 
were based on the Clark Y airfoil and were intended to 
represent truss-type designs. Design 4 (see Fig. 3), 
also based on the Clark airfoil section, was geometrically 
similar to an aileron rib cut from the wing tip section 
of a Lockheed C-36, and design 5, based on the 
N.A.C.A. 2212 airfoil section, is representative of an 
aileron rib cut from the outboard wing section of a North 
American BT-9. The range of the center of pressure 
travel for the usual flight positions is approximately 
the same for both airfoils, remaining practically con- 
stant near the region of the 30 percent chord point. 
The shapes of designs 4 and 5 are typical of stamped 
metal construction, and the prototypes of these ribs 
were used in single spar, stressed-skin wings. 
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The two spars in designs 1 to 3, inclusive, were lo- 
cated at 15 and 65 percent of the chord length from 
the leading edge, and the loads were applied through 
solid rectangular blocks to simulate the type of bearing 
load delivered in service by a spar of the solid, box, or 
I-type. The single spar in designs 4 and 5 was located 
at 30 percent of the chord from the leading edge but 
no attempt was made to reproduce the spars in these 
models; instead, the load was applied to the model 
by three steel pins that gave the effect of a spar riveted 
to the rib. 


THE TEST LOADING 


The results of tests of models are no more accurate 
than the assumptions made as to the loading condition 
encountered in service. For this reason, it was at- 
tempted to conduct the tests along lines as nearly 
representative of actual conditions as possible. The 
loading chosen for these tests was selected after a 
careful study of the Department of Commerce speci- 
fications for wing ribs as given in Ref. 5, and as inter- 
preted by the corresponding sections of Ref. 6. These 
manuals will be referred to hereafter as C.A.R. 04 
and A.C.M. 04. One of the most severe loadings on 
a wing rib is that imposed upon it when the wing is 
in the positive high angle of attack condition, and this 
loading distribution was chosen for the tests. There 
is no definite proof that this is the critical loading 
condition for rib structures, but it is believed that the 
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Fic. 2. Details of the two-spar wing rib models 
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Fic. 3. Details of the single-spar wing rib models. 
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high angle of attack condition is sufficiently severe to 
give a reasonably accurate indication of the significant 
stresses developed in the wing rib models. 

Fig. 4a shows the moment and shear curves produced 
by 16 equal loads distributed along the chord as pre- 
scribed in A.C.M. 04.313-Bla as acceptable for chord 
lengths greater than 60 in. Also shown in this figure 
are the moments and shear curves for 8 equal loads 
(designated by letters A, B, C, etc.) arranged to pro- 
duce approximately the same moments and shears; 
this latter loading is allowable for chord lengths of 
less than 60 in. and was used in the tests of photo- 
elastic models (where the chord length was 12 in.). 
The specification for chord loading on the single-spar 
ribs of the stressed-skin construction (A.C.M. 04.217- 
B1) was not complied with as it was considered more 
important to subject all test designs to the same type 
of loading rather than alter the loading slightly to 
obtain a new approximation to actual flight conditions. 

The approximate chord load distributions obtained 
by the loadings used in the tests are shown in Fig. 4b. 
For the aileron ribs, the loads on the rear of the rib 
were increased slightly to approximate the load trans- 
mitted by the aileron, and the altered chord load dis- 
tribution is also shown in Fig. 4b. All test loads were 
applied along the bottom chord of the rib; this dis- 
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tribution is not representative for the single-spar ribs 
as the metal covering used in service distributes a 
large portion of the loading along the upper chord. 
However, it is felt that the type of loading employed 
represented a condition severe enough to allow con- 
siderable accuracy in locating critical sections and in 
determining the relative values of the significant 
stresses developed in the various designs. 

The loading frame and compound lever system used 
to apply eight equal loads to the model are shown 
assembled in Fig. 5. Small rectangular blocks were 








Fic. 5. Photoelastic model in loading frame. 

placed in the spar openings, and pinned to the loading 
beam by means of transparent strips of Lucite, which 
permitted some study of the fringe formations directly 
beneath the spars. A uniform load distribution along 
the lower chord was obtained by placing a thin strip 
of rubber next to the lower contour of the rib and a 
flexible strip of celluloid below this upon which the 
loading wires pulled. The loading hangers were 
located accurately along the chord length with the aid 
of small scratch marks on the models at the eight 
loading points. 


PREPARATION OF THE MODELS 


The model of design 1 was made of Pyralin, but the 
material was not optically sensitive enough to give 
the most accurate results, and all other models were 
made of water-white, annealed, Bakelite No. BT-61893. 
Care was taken in the preparation of the models to 
avoid any of the residual optical effects that are some- 
times caused by initial stress, machining strains, 
creep, or edge stresses that develop several hours after 
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the model is finished. Calibration beams (used to 
determine the values of stress corresponding with 
each interference fringe formed on the model) were 
cut from the same sheets as each model tested and were 
annealed and finished at the same time as the model. 

Each model tested was weighed on a precision bal- 
ance and these weights were then converted to equiva- 
lent weights of a geometrically similar Bakelite model 
of unit thickness (0.10 in. thick) for the purpose of 
closer comparison of test data. For designs 4L to 
SNAB, inclusive, it was necessary to add a value for 
the weight of the missing tail portion (which was 
estimated on the basis of relative area) to obtain the 
weight of the complete rib. Table 1 summarizes for 
each model the fringe-stress value, thickness, weight, 
and the weight of the corresponding unit model. 








TABLE 1. Mopert Data 
Mean Weight 
fi* Thick- of Unit 
Lb. per ness Weight Model 
Design Material In.2, Inches Grams Grams 
1 Pyralin 2860 0.225 31.426¢ 13.98 
1A Pyralin 2860 0.225 30.2127 13.41 
1B Pyralin 2860 0.225 29.254¢ 13.00 
2 Annealed Bakelite 838 0.283 34.006 12.00 
3 Annealed Bakelite 867 0.286 35.354 12.35 
4L Annealed Bakelite 880 0.262 58.4¢ 22.30 
4LA Annealed Bakelite 880 0.262 57.4 21.90 
5bNA Annealed Bakelite 932 0.254 60.9 24.00 
5NAA Annealed Bakelite 932 0.254 50.0f 19.70 
5NAB_ Annealed Bakelite 932 0.254 49.8 19.60 





* The symbol f; indicates the fringe-stress value for the unit 
model and is defined as the stress, in lb. per sq.in., per fringe 
per unit model thickness. 

The weight values are all based on a full chord length rib model. 

+ Actual weight reduced to equivalent weight of Bakelite 


model of same design. 
~ Calculated from density and volume measurements. 


TESTING PROCEDURE 


The testing procedure consisted of accurately ad- 
justing the model in the loading frame, placing it in 
the polariscope, and subjecting the model to an arbi- 
trary total load producing a sufficient number of fringes 
for accurate results without exceeding the elastic 
limit of the material, and then photographing the 
fringe pattern of the image when monochromatic, 
circularly polarized light was passed through the 
model. A compensating tension member was then 
employed to determine the type of stress (whether 
tension or compression) existing at all points along the 
boundaries of the model. After loading and un- 
loading the model several times to determine the types 
of fringe formation and to locate the zero order fringes, 
it was possible (with the aid of the fringe-stress values 
obtained from calibration beams) to interpret the 
fringe photographs and to plot curves of boundary 




















STRESSES IN 


stresses for a corresponding model of unit thickness 
(0.10 in. thick). 

Photographs of the interference fringes observed on 
several of the models are shown in Fig. 6, and the 
resulting distributions of stresses along the boundaries 
of several of the models are shown in Figs. 7 to 11, 
inclusive. Complete fringe photographs and stress 
distribution curves were obtained for all ten of the 
design modifications tested, but are not all shown here 
because of the limitations on length of the paper. In 
these figures and the following discussion, all values 
of stress are based on a unit load (one pound total) 
applied to a model of unit thickness (0.10 in. thick). 





photographs of wing rib 
models, Designs 2, (top), 4L, and 5NAA (bottom). 


Fic. 6. Photoelastic fringe 
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Fic. 7. Curves of boundary stresses for Design 1. 
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RESULTS OF PHOTOELASTIC TESTS 


It will be observed (Fig. 7) that the members sur- 
rounding bay 7, of design 1, were all highly stressed; 
the true significant stresses in this model were probably 
overshadowed by the poor structural design of this 
portion of the rib. The stresses approximately 71.5 
Ib. per in.*, occurring in bay 3 and on the top and bot- 
tom near the front spar, would probably have been 
the significant stresses for this design if the weak 
panel at the rear had been corrected. It was evident 
from the large variations of stress in the members of 
design 1 that the Vierendeel type of structure, under 
this type of loading, was not well suited to transmitting 
the air loads to the spars in a manner that would 
utilize all material to the best advantage. 

Design 1A was a modification of design 1 in which 
the two holes in the nose portion were enlarged; the 


slightly higher stresses introduced in bays 1 and 2 
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were not significant and the change in design was 
beneficial due to the resulting weight reduction. 
Design 1B, in which the supporting member between 
bays 1 and 2 was removed, resulted in high stresses in 
the nose, and is definitely not a design worth con- 
sidering. 

To overcome some of the weaknesses of design 1, 
the Warren type truss was used for design 2 (see Fig. 
8). An attempt was made to cut down the high 
stresses around the front spar by inserting diagonal 
bracing members designed to receive principally a 
tensile load, but this was defeated because of the high 
secondary stresses present which developed con- 
siderable bending in these members. The stresses 
for design 2 were more nearly uniformly distributed 
than those of design 1, and a slight reduction in weight 
was obtained in the truss-type rib. The critical sec- 
tions of maximum stress for designs 2 and 3 occurred 
in the vicinity of the spars. Even though larger 
radius fillets were used at the junctions of members 
in design 3, the localized stresses at the fillets were, 
in general, higher than those occurring for design 2; 
possibly these localized stresses were greatly influenced 
by the angles at which the truss members met. 

The stress distributions for the single-spar ribs (see 
Figs. 10 and 11) were of a more uniform and sym- 
metrical nature than those for the two-spar ribs. The 
upper contours were entirely in compression and the 
lower contours were in tension; stresses around the 
circular openings decreased as the distance of these 
openings from the spar was increased. The most 
important stresses for designs 4 and 5 were those 
occurring above and below the spar and around the 
circular openings adjacent to the spar. Design 4LA 
was a variation of model 4L in which small notches 
were added to the outer boundaries to simulate the 
effect of cutouts which occurred in the prototype to 
accommodate J section longitudinal stringers in the 
wing. High stresses were developed at the bottoms 
of these notches, which, however, were of a localized 
nature and were not considered as significant stresses; 
their effect on the full size structure would undoubtedly 
be absorbed by plastic yielding of the adjacent material 
if an overload occurred. The stresses about the cir- 
cular openings were increased slightly by the addition 
of these cutouts. 

Design 4LA proved that the introduction of notched 
cutouts on the boundary decidedly changed the location 
of the maximum stresses. The complete stress curves 
of design 4L showed the regions of low stress and 
therefore could be useful to indicate to the designer 
the locations at which stress raisers (such as the cutouts 
for the J section stiffeners) might be safely introduced 
and where they are likely to develop excessive localized 
stresses. It is interesting to note that, although the 
diameters of the two circular openings adjacent to the 
spar in design 4L were 1.3 times as large as the corre- 
sponding openings in design 5NA, the complete stress 
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curves showed that the maximum stresses around these 
openings were not more than 15 percent greater than 
those of design 5NA. 

Design 5NAA was the modification of model 5NA 
to the reduced type of rib actually used in the North 
American BT-9. The abrupt stress peak occurring 
under the spar (Fig. 11) was due primarily to the 
loading attachment, and a broken line which is believed 
to give a more representative distribution is shown 
connecting the two branches of the stress curve. This 
design was apparently an attempt to reduce the weight 
and cut down the stress concentrations due to cutouts 
for the longitudinal stringers. In view of the fact 
that the effect of the high localized stresses is taken 
care of, in the case of static loads, by plastic yielding 
of the small amount of affected material and that the 
stresses in design 5NAA were considerably greater 
than those in design 4LA, it is believed that design 
4LA presents a basis for greater improvement of the 
circular opening type of rib than does design 5NAA 
if the loading is not repeated a great number of times. 
When the rib is subject to severe vibrations, such 
as set up in the structures near the motor mounts, 
design 4LA would undoubtedly prove inferior to design 
5NAA in that the cutouts for the J section longitudinal 
stringers in design 4LA introduce regions of high stress 
concentration and such regions generally determine 
the critical sections when repeated loads are encoun- 
tered. 

The numerical results of the tests were computed 
without making any corrections to the observed fringe 
orders to account for the distributed loads applied 
normal to the lower contour boundary. Several check 
calculations showed this correction to be negligible 
in most cases. The stresses in the models adjacent 
to the spars were not considered since the actual 
fixity and attachment conditions of the prototype could 
not be duplicated, and this region is generally re- 
inforced with structural shapes in actual ribs to pre- 
vent localized buckling at the spar. The fact that 
high flexural and secondary stresses existed in all 
designs is evidenced by the absence of members solely 
in tension or compression and the abrupt variations 
in stress along the boundaries. 


DISCUSSION OF RESULTS 


In Table 2 are summarized the maximum stresses 
that occurred in each rib model, their locations along 
the chord length, and the weights of the corresponding 
unit models. These data indicate that the highest 
stresses were developed in the Vierendeel types of 
structure and that the weights of these designs were 
greater than the weights of the other truss-type 
structures. Design 2 was found to be the lightest of 
all types tested but the maximum stress developed 
was much greater than the maximum stresses in 
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designs 4L and 4LA. Design 3 was obviously inferior 
to design 2. 

The results of the tests of designs 1, 1B, 2, and 3 
indicate that the truss type of structure, with members 
at 45 degrees to the horizontal, is the best design when 
the relative weights and the maximum stresses de- 
veloped are taken as the basis for consideration. The 
distribution of stresses on the boundaries of the mem- 
bers in these designs was found to be quite irregular 
and the deflections of the members were considerable. 
The type of joint used in actual rib structures of this 
type presents an important problem due to the fact 
that the localized stresses set up in the regions of the 
joints are likely to be the significant stresses when 
the rib is subjected to repeated loads. Further, a 
disadvantage of the Warren truss type of design, such 
as employed in design 2, is that the compression 
members are as long as the tension members and are 
therefore likely to fail by buckling action. The posi- 
tions of the maximum stresses in all designs, with the 
exception of design 4LA, were found to be in the 
vicinity of the spars. This fact allows the generaliza- 
tion that reinforcement in these regions is necessary. 
In the case of thin web construction, the high com- 
pressive stresses would likely lead to failure by buckling, 
hence compression stiffeners should be introduced 
accordingly. 

The magnitudes of the maximum stresses in designs 
of the single spar, circular-opening type were found to 
be much less than those developed in the truss-type 
designs. A decided improvement was introduced 
in that the boundary stress distributions were of a 
uniform, symmetrical nature which were not noticeably 
changed when slight changes in the design were made. 
The stress distributions for the truss-type designs were 


TABLE 2. SUMMARY OF MAXIMUM STRESSES IN RIB MODELS 


Based on a model of unit thickness (0.10 in.) subjected to a total 
load of one pound. 





Maximum Compressive Maximum Tensile 





Stress Stress 
Rela- Loca- Rela- Loca- 
tive to tion tive to tion 
Lb. per De- Percent Lb. per De- Percent Wuy Smaz.WuM 

Design In.? signl Ct In.2 sign 1 Ct Grams 1000 
1 — 71.5¢ 1.00 o* 83.4 1.00 69.3 13.98 1.165 
1B —101.6* 1.42 3.6 88.9* 1.07 4.5 18.00 1.320 
2 — 62.0 0.87 68.5 74.5 0.89 14.3 12.00 0.894 
3 — 71.1% 0.99 8.1 81.2 0.97 16.3 12.36 1.005 
4L — 42.7 0.60 30.7 48.5 0.58 30.1 22.30 1.08 
4LA — 47.5* 0.65 39.8 47.5* 0.57 49.7 21.90 1.04 
5NA — 44.8 0.63 30.0 50.4 0.60 30.0 24.00 1.21 
5NAA — 74.5 1.04 29.1 75.0 0.90 30.0 19.70 1.48 
5NAB — 74.5 1.04 29.1 75.0 0.90 30.0 19.60 1.47 





* Indicates an inner boundary stress. 

t This stress occurred on both inner and contour boundaries. 

t Values in this column give the location of the maximum stresses in 
percent of the chord length from the leading edge. 

Smaz, is the maximum boundary stress set up in a unit model of the design 
indicated when subjected to a total applied load of 1 pound. 

Wum is the weight of the unit model. 
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highly irregular and slight changes in any member 
greatly influenced the distribution. The weights of 
the unit models of the circular-opening types of design 
were decidedly higher than those of the truss-type 
designs. Study of the stress curves for the nose and 
rear portions of these designs points to the fact that 
considerable material could be removed and still 
maintain a structure as strong as the original. 

Theterm S,,,,,. Wy/1000 (significant stress multiplied 
by weight of the model) listed in the last column of 
Table 2, was devised to compare the test results for 
the various designs. Low values of this term would 
indicate an optimum condition of low stress and 
weight, desirable for efficient design. This term, 
however, is not an infallible guide to maximum effi- 
ciency since the designer is primarily interested in a 
criterion for obtaining the lightest possible rib that 
will carry the prescribed air load without exceeding 
safe stresses. Differences in type of construction of 
the stamped metal ribs and the built-up trussed type 
would undoubtedly change the relative weights and 
the values in the above table apply only to the case 
where material of the same thickness is used in each 
design. The relative thicknesses used in actual con- 
struction would probably reduce the weights of de- 
signs 4 and 5 as compared with the truss-type designs, 
but would also cause a corresponding increase of stress 
to be developed if the same (unit) load were applied 
to the member. Since buckling is usually the imme- 
diate cause of failure of thin, stamped-metal ribs, it is 
difficult to obtain a useful measure of the nearness to 
structural damage caused by the loads applied to such 
members. Perhaps the magnitudes of the maximum 
compressive stresses may be used to estimate the load 
carrying capacity of ribs similar to those of designs 4 
and 5. It should not be inferred from this discussion 
that stamped-metal construction cannot be applied 
to truss-type designs. The application of this type 
of construction to certain rib designs of the truss type 
has been successfully made.‘ 

The usual procedure followed in attempting to make 
a mathematical analysis of the stresses in a new design 
of the truss-type wing rib is somewhat as follows: 

(1) The load distribution curve is drawn to scale, 
and divided into areas such that each joint of the 
rib can be assumed to take the total load that is dis- 
tributed over half the lengths of the adjacent chord 
members. 

(2) The stresses are then calculated on the basis of 
the assumption that the structure is pin-connected 
and loaded only at the pins. This procedure involves 
the use of several erroneous assumptions, namely: 
(a) that the members are pin-connected, (b) that the 
loads are applied only at the truss joints, (c) that all 
members are straight, (d) that no localized stresses 
are developed at fillets or joints, (e) that the structure 
is statically determinate and contains no redundant 
members. Needless to say, the results of a mathe- 
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matical analysis of this type are of little value in pre- 
dicting the strength of the actual structure. The 
photoelastic test results show the existence of a highly 
irregular stress distribution in nearly all members of 
the trussed-type ribs. This irregularity is caused by 
the interaction of many factors such as high secondary 
stresses and localized stresses occurring at the joints, 
which factors are neglected in most mathematical 
analyses. 

Photoelastic analyses could be made of all proposed 
wing rib designs as an aid in locating and correcting 
inherently weak members of a design, and to locate 
the critical sections which might therefore be more 
closely studied when tests of the full-size member are 
conducted. The changes in stress distribution produced 
by small modifications in the model to reduce the weight 
may also be readily studied. 

So far, photoelasticity has been limited mainly to 
the study of stresses in two dimensions, that is, where 
the loads are acting in one plane and the member is 
in the form of a flat plate lying in the same plane. 
For this reason, a complete analysis of the stresses in 
a wing rib can be made only if the member lies in one 
plane and is not complicated by vertical stiffeners or 
outstanding flanges around the contour of the member 
and the member does not buckle excessively at low 
loads. However, if the actual structure satisfies the 
restriction of a two-dimensional stress system, and a 
geometrically similar model is employed, the stress 
pattern found in the photoelastic analysis may be used 
to determine the stress pattern in the prototype, when 
stressed to values within the elastic limit if failure by 
buckling does not govern the stresses. For example, 
if the prototype were 5 times the size of the model, and 
the two-dimensional geometric similarity were main- 
tained, then the same stress pattern should exist in 
the prototype as that in the model provided the loads 
are increased in proportion to the scale ratio (5 times) 
and the thicknesses of model and prototype are the 
same. No buckling of the model is present in photo- 
elastic tests and hence the method is not applicable 
to large, thin, deep rib sections where buckling is 
inevitable. 

It is true that for thin, stamped-metal ribs buckling 
is usually the primary cause of failure, and it is there- 
fore very difficult to predict the critical buckling loads 
for such members. However, the critical buckling 
loads are usually related to the amount of initial 
crookedness or eccentricity present in the rib and to 
the maximum compressive stresses developed in the 
member; an approximation to these compressive 
stresses may be obtained for the ideal, straight, flat 
rib by the photoelastic method. 


CONCLUSION 


The principal results of the investigation of stresses 
in wing ribs, based upon photoelastic tests of models 
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subjected to a loading simulating that which occurs 
in the positive high angle of attack condition, may be 
summarized as follows: 

(1) The regions of high stress in the truss-type 
designs for two-spar wing construction were those 
adjacent to the spars if unreasonable design modifica- 
tions were not made in other parts of the structure. 
The total stress at a point in a member was greatly 
influenced by high secondary stresses and the stress 
concentrations due to abrupt changes in section. 

(2) The distribution of boundary stresses in the 
truss type of design was very irregular, and the ma- 
terial between the spars was not utilized to the extent 
consistent with the strength of the design of this 
section. 

(3) The truss-type design incorporating members 
at 45° to the horizontal was superior to the Vierendeel 
type structure and to the truss containing diagonal 
members at 30° and 60° to the horizontal. 

(4) In general, the highest stresses in the circular 
opening type designs for single-spar construction 
occurred directly above and below the spars. How- 
ever, when boundary cutouts were added the regions 
of high stress were determined by the locations of the 
slotted cutouts in relation to the circular openings. 

(5) The models of the truss-type designs were 
found to be lighter in weight than the models of the 
circular opening type designs of the same thickness, 
but the stresses were found to be higher for the truss- 
type models. 

(6) The photoelastic method of stress analysis is 
a valuable supplementary method for studying all 
boundary stresses in rib structures, since the method 
is not restricted by many of the erroneous assumptions 
made in mathematical analyses. The chief difficulty 
arises in maintaining similarity between the photo- 
elastic model and its prototype. The method is 
particularly well adapted to developmental work in 
the qualitative analysis of new or proposed wing rib 
designs. 
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Developments in Meteorological Sounding 


by Radio Waves 


ALBERT W. FRIEND 
Cruft Laboratory and Blue Hill Observatory, Harvard University 


ABSTRACT 


A method has been developed for utilizing a small radio trans- 
mitter and receiver for directly sounding the troposphere by 
means of radio wave pulse echoes. Comparisons of preliminary 
data obtained by this method with those from balloon radio- 
sonde and airplane flights indicate close agreement between the 
different tests in the measurements of the altitudes of tempera- 
ture and specific humidity discontinuities. 


HILE the balloon type radiosonde is coming 

into extensive use and providing the opportunity 
for a more thorough understanding of the weather, 
another radio device which may prove equally useful 
is now emerging from its early developmental stages. 
Some discussion of the subject has appeared in radio 
and meteorological publications.” * 4 

It is now possible to measure directly by means of 
radio wave echoes the altitudes of air mass boundaries 
and all other atmospheric discontinuities which involve 
sufficiently sharp changes in the dielectric constant of 
the atmosphere. 

The comparisons between the two sounding methods 
illustrate clearly a possible mode of application of a 
cooperative effort in obtaining data by means of both 
the radiosonde and radio wave echoes. If a few radio- 
sondes are sent up at selected space and time intervals 
to sample the upper air in detail, then the radio wave 
echoes may be used to obtain a continuous record of 
the ensuing phenomena and to act as an indicator of 
changes which may require a later radiosonde test. 
Indeed, if a few scattered balloon stations were in 
operation to indicate the general state of affairs in the 
upper air, a supplementary network of many radio 
wave echo stations could provide very cheaply the 
necessary information for correct interpolation between 
the radiosonde locations and thus show the true picture 
of the weather map in three dimensions throughout the 
entire region of observation. 

In the operation of the radio wave echo device, a 
uniform sequence of extremely short pulses of radio 
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waves is caused to be emitted from a small radio trans- 
mitting station. These signals are propagated up- 
ward, and if the atmosphere is homogeneous the wave 
pulses will continue undisturbed out into space. Since 
the troposphere contains a constantly changing pattern 
of stratifications forming boundaries between materials 
having different dielectric constants, the rising radio 
wave pulses suffer slight reflection effects, and parts of 
the signal are returned toward the earth as echoes. 
Less than two hundred yards from the small trans- 
mitter is located a special television type radio receiv- 
ing system. At the present time the received .signals 
are viewed and measured on the screen of a cathode 
ray tube along a linear time axis produced by a sweep- 
ing electron beam. The received direct and reflected 
pulse signals cause deflections of the fluorescent line 
at right angles to the time axis. The first pulse of 
radio signal arriving by the most direct route from the 
transmitting antenna to the receiving antenna produces 
an initial deflection or zero marker (0 of Fig. 1). Suc- 


O 2 


/ 3 


Fie. 1. 
screen of the receiver cathode ray tube. 
and echo pulses (1, 2, and 3) are shown. 


An example of the received pulse signals on the 
Direct pulse (0) 


cessively received echoes arriving at the receiver from 
higher altitudes, after progressively greater delays, 
form a pattern (1, 2, and 3, Fig. 1) of pulse deflections 
on the screen. The present resolution between pulses 
is such that each millimeter distance on the screen 
represents an altitude change of 200 meters. In some 
cases, when the boundaries are sharp, it is possible to 
follow with fair accuracy altitude variations in ap- 
proximately twenty-meter steps. 

All of the original work was done at West Virginia 
University, but a continuation of this development 
has recently been started at Harvard University, in 
connection with Cruft Laboratory, where it is hoped 
that the availability of the balloon radiosonde observa- 
tions of the Blue Hill Meteorological Observatory will 
aid materially in the matter of comparative data. The 
only upper air data available at West Virginia Uni- 
versity in Morgantown, West Virginia, were provided 
by occasional ascents of airplanes carrying a special 
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Fic. 2. A record of an airplane flight test made at West 
Virginia University, Morgantown, W. Va., on January 6, 
1939. 
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Fic. 3. A section of the (manually recorded) radio wave 
echo record, taken at East Lexington, Mass., during the 
tropical storm of November 5 and 6, 1939. 
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Fic. 4. Comparison of radio echoes and radiosonde at center 
of the storm of Fig. 3. 


Fic. 5. A later comparison during the storm of Fig. 3, after 
the passage of the cold front. 


TABLE 1 





Airplane Measurements of 


Test 
Number Date Altitudes in Kilometers 
1 Dec. 22, 1938 1.2 
2 Dec. 28, 1938 1.04 
3 Jan. 2, 1939 1.18) 
17 j two inversions 
+ Jan. 5, 1939 1.5 “rough air” 
5 Jan. 6, 1939 a 
1.56 Sharp inversion 
6 Apr. 22, 1939 1.4 
2.1 “rough air’ 


Temperature Inversion. 


6 Slight discontinuity 


o 1.65  vough air”’ 


Measured Altitude of Radio Wave 
Reflecting Boundary in Kilometers 


yO Sip 


—_ 


- Two reflections 


.14 to 1.29 Weak reflection 
.50 to 1. 63 + hm strong reflection 
.45 to 1. 


.d to2. : 


1 
1 
1 
1 
1.52 to 1.9 Fluctuation 
1 
1 
: Two fluctuating reflections 








7 











SOUNDINGS BY RADIO WAVES 


thermometer. Table 1 is a compilation of the re- 
corded data of that location. One of the most note- 
worthy comparisons was that of test Number Five 
(Table 1) which is shown in detail in Fig. 2. The 
coincidence of the thermal discontinuities and the radio 
wave reflections is quite evident. 

Since the latter part of October, 1939, daily radio 
wave soundings have been recorded at East Lexington, 
Massachusetts, fifteen miles northwest of the Blue 
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Fics. 6 (above), 7, and 8. Comparisons of radiosonde records with pulse reflection patterns of the radio wave echoes. 
balloon records were taken near Milton, Mass., while the radio wave tests were made at East Lexington, Mass., 


miles northwest of Milton. 
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Hill Meteorological Observatory from which the balloon 
radiosonde ascensions are made. 

During the tropical storm of November 5 and 6, 
1939, continuous radio wave sounding was carried on 
and a section of the resulting curve is plotted in Fig. 3. 
The center of the storm was characterized by a much 
calmer condition of the continuously observed re- 
flections. The passage of a cold front is very clearly 
shown by the sharp drop in altitude and the extreme 
turbulence indicated at 0108 E.S.T. An idea of how 
these readings check with balloon radiosondes may be 
obtained from Figs. 4 and 5, showing plots of the 
temperature and humidity (in terms of the mixing ratio) 
conditions with the measured reflection heights indi- 
cated thereon. At this time the new equipment was 
undergoing its preliminary tests and some of the higher 
and weaker reflections were undoubtedly overlooked 
in comparison with the stronger lower reflections. The 
state of affairs, meteorologically speaking, may be 
interpreted from the three figures, 3, 4, and 5, by 
comparing the indicated times. Fig. 4 was abtained 
as the calm center of the storm passed over each of the 
stations successively. The coincidence between the 
sharp drop in the mixing ratio starting at about 1390 
meters and the strong reflection measured at about 1400 
meters is probably closer than the absolute accuracy of 
either instrument. This level probably indicated the 
top of a cloud formation, for here the humidity began 
to drop rapidly with increasing altitude. The balloon 
radiosonde record of Fig. 5 was taken on the steeply 
rising portion of the reflection curve of Fig. 3 just after 
the passage of the cold front, and indicates clearly the 
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altered conditions which may, however, be followed in 
their changing detail in Fig. 3, the radio wave echo 
record. 

The records of Figs. 6, 7, and 8 are more indicative 
of the performance of the present equipment. The 
vertical curve to the right is an approximate indication 
of the received echo pattern showing the various 
pulses. Occasionally there occurs a marked broaden- 
ing of one or more of the echo pulses. It is indicated 
that the effect may be due to closely spaced multiple 
stratifications, diffuse boundaries, or very slight dis- 
continuities coupled with continuous material property 
changes over a broad region, reflections at an angle, or 
a combination of these factors. The November 28, 
1939, record of Fig. 8 shows a weak double reflection 
in the region of about 5 km. This appears to co- 
incide quite well with the slight jogs in both the tem- 
perature and mixing ratio curves. 

Several experiences during the airplane flights in- 
dicate that at times very thin stratifications in the 
process, of formation, which may not appreciably 
affect the instruments of the balloon radiosonde, in 
its rapid rise, may show very marked radio wave 
echoes. When visible, these layers may be seen clearly 
only when flying so that the line of sight becomes very 
nearly tangent to the stratum. Then a slight haze is 
apparent and may, on account of condensed water 
droplets, represent a marked change in dielectric 
constant. 

It is also noteworthy that the radio wave reflections 
may become quite strong as grazing incidence with 
the atmospheric boundaries is approached. This 
phenomenon is very important in the study of ultra- 
high frequency radio wave propagation and enters into 
considerations of television broadcasting as well as the 
field of aeronautical course beams and direction finding 
applications. 
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Fic. 9. A recent photograph (1630 E.S.T., April 6, 
1940) of the cathode ray pulse pattern showing the di- 
rect pulse (left) and the pulse reflected from an altitude 


of 1300 meters. Due to lack of proper photographic 
facilities at the station the pulses appear somewhat more 
blurred than is actually the case. The reflection was very 
sharp and strong and developed due to convection and ex- 
treme turbulence at lower levels caused by a very strong 
NNW wind, after a morning period of practically no re- 
flections. Observed at East Lexington, Mass. 


Contemplated and desirable improvements of the 
equipment for meteorological sounding purposes indi- 
cate increased resolution, foolproof equipment, and 
automatic recording of the data. It is hoped that 
these objects may be fulfilled and thus provide a 
further aid to aerial navigation. 
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Letters to the Editor 


February 8, 1940 
Dear Sir: 

The following comments and calculations apply to the paper 
Developments in Meteorological Sounding by Radio Waves, by 
Albert W. Friend, presented at the Eighth Annual Meeting of 
the Institute and published in this issue of the Journal. 

Radio waves will be reflected from any surface in the atmos- 
phere where sharp variations in its electrical properties, notably 
its dielectric constant, occur. It is of interest to consider the 
values of the reflection coefficient required at such surfaces of 
discontinuity to send back to the receiver a pulse of measurable 
amplitude and the actual values of reflection coefficient produced 
by temperature inversions and humidity changes. 

For a given radiated power in kilowatts from a half-wave 
transmitting antenna, the field intensity in microvolts per meter 
of the wave reflected from a discontinuity at A kilometers at 
normal incidence and returning to earth is given by the expression 


€ = 222 p 10! VK-W/2H (1) 


where p is the reflection coefficient at the surface of discontinuity 
and, for normal incidence is related to the change in dielectric 
constant, AK, by the approximate expression 


p & AK/4 (2) 


If we assume a highly sensitive receiving set so that a reflected 
wave of 1 microvolt per meter can be measured, (certainly an 
outside value of sensitivity), and a radiated power of 1 kilowatt, 
the reflection coefficient required becomes 


p =9X 10-8H (3) 


Now, let us consider the actual values of p which may occur 
in the troposphere. The first case will assume dry air at varivus 
levels having a sharp temperature inversion of 10°C. The re- 
sultant change in density will cause a change in dielectric con- 
stant which is given approximately by the expression 


AK = (Ko — 1) AD/Dy = 0.456 AD (4) 
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TABLE 3 
Required Reflec- Maximum Value for Amount in Water Amount 
Height tion Coefficient T Mass of Water in Air Droplet Form in Vapor Form Actual Value of p 
Km p . g/cc. g’/cc. g”/ce. 20g’ + 3.2g” 
1 0.9X1075 8.6 
2 1.8 2.1 
3 2.7 — 4.5 
4 3.6 —11.0 8.540 10-6 6.562 X 10-6 1.978X10-* 13.6 1075 
5 4.5 —17.6 5.576 X 1076 4.438 1076 1.138 1076 9.21075 
6 5.4 —24.0 3.381 X 10-6 2.768 X 10~® 0.613 1076 5.7X1075 
7 6.: —30.5 1.978X 10-6 1.663 X 107-6 0.315 1078 3.41075 
8 ‘2 —37.0 1.138X 10-6 0.975X 1078 0.163 X 1076 2.01075 
where AD is the change in density of dry air due to changes in TABLE 2 
temperature or pressure, eer sa “ 
Dy is the density of dry air at 0°C. and 1013 mb. and is Required Mass of 
‘ = Value of Tem- Water 
equal to 1.293 x 107% grams per Cc., Height for pera- Vapor in Actual Value of p = AK/4 
Ko is the dielectric constant of dry air at 0°C. and 1013 ae tare Stacked — p Gjeumae 
mb. and is equal to 1 + 5.9 X 10~*. Kilo- Receiver in Air, 20g 3.2 
meters Sensitivi- °C. Grams per Cc. Water Water 0.82 
For a given change in temperature at constant pressure, AD H tivity p Tr 8 Droplets Vapor Ice 
may be computed and from it AK and p. 1 0.9X10-5 8.6 8.540X10-6 17.1X10-5 2.7K10-5 
The next case to be considered is the value of p which may be : pap lis ae rayon! il ee on coal “pone : Sabena 
produced by a sharp change of relative humidity from 0 to 100 4 3.6X10-5 —11.0 1.978X10-¢ py ege din 0.6X10-5 0 2x10 3 
per cent or vice versa. The contribution to the dielectric con- 5 4.5X10-5 -17.6 1.138K10-¢ 2.3X10-5 0.4x10-5 0.1X107-5 


stant of moist air produced by its water content is given by the 
expression 


AK = 80. g for water in droplet form 
= 12.7 g for water in vapor form 
= 3. g for water in ice form (5) 


where g is the density of the water in grams per cc. For a 100 
per cent change in relative humidity, g will be the mass of water 
vapor in saturated air, and will obviously depend upon the 
temperature. 

Table 1 summarizes computations for the effect of a 10°C. 
temperature inversion in dry air at various values of H. The 
temperature distribution is assumed to be that of the standard 
atmosphere. Note that the actual reflection coefficients to be 
expected (given in the last column) are much lower than the 
required values even though a highly sensitive receiving set was 
assumed. 








Tasie 1 
Change in 
Dry Air 
Required Density 
Value of p Tem- in Grams 
Height for Pres- pera- per Cc., 
in luv/m  surein ture for a 10°C. Actual 
Kilo- Receiver Milli- in Temperature Value 
meters Sensitivity bars =. Rise of 
H p P i AD AK p = AK/4 
1 0.9 XK 1075 899 8.6 3.83 X 10-5 1.7K 107% 0.48 XK 1075 
2 1.8X 10-8 795 2.1 3.52 10-5 1.6X10-§ 0.4 X 1075 
3 2.7 10-5 701 — 4.5 3.27 10-5 1.5 10-5 0.38 X 10-5 
4 3.6% 10-5 617 —11.0 3.02 X 107-5 1.41075 0.35 XK 10-5 
5 4.5 10-5 540 —-17.6 2.77 X 10-5 1.3X 10-5 0.33 XK 10-5 





Table 2 summarizes computations for the effect of a change in 
relative humidity from 0 to 100 per cent or vice versa. Note 
that the actual reflection coefficient is sufficient for water vapor 
only below 2 kilometers and water in droplet form only below 
4 kilometers. 

Table 3 summarizes computations which attempt to include 
the possibility that the air may be saturated with water vapor 
and at the same time may hold in suspension a large number of 





water droplets. Corresponding to each height considered, the 
assumption is made that saturated air at a level 3 kilometers 
below that height is moved up to the indicated level without 
loss of water, the excess water above saturation at the indicated 
temperature remaining suspended in droplet form. Note that 
even for this case, the reflection coefficient obtainable is insuffi- 
cient above 6 kilometers. 

In view of the foregoing analysis some doubt is cast on the 
following reflection heights shown in Mr. Friend’s illustrations: 


Fig. 6: 5 kilometer reflection; 
Fig. 7: 1.8 and 7.3 kilometer reflections; 
Fig. 8: 5.5 and 7.5 kilometer reflections. 


A further possible criticism of Mr. Friend’s method is that 
reflections from both tops and bottoms of stratifications and 
scattered reflections from surfaces of discontinuity that are not 
continuous or sharply defined will cause rather wide pulses with 
consequent indefiniteness of results. Moreover, the reflections 
may not be confined to normal incidence thereby producing 
false readings of apparent high reflecting surfaces. The reflec- 
tions referred to as doubtful in the foregoing may possibly be 
attributable to this effect. 

The foregoing criticism is not intended to question the meteoro- 
logical values of the method described. It should preferably be 
considered as a first attempt to consider the method from another 
viewpoint. 

HARRY DIAMOND 
National Bureau of Standards 





April 1, 1940 
Dear Sir: 

Mr. Diamond’s discussion on page 350 of this issue of the 
Journal is quite to the point and has all been previously con- 
sidered in the development of the present method. It was 
thought that perhaps most of the meteorologists would not care 
to become involved in the electrical aspects of the subject, and 
also there was not sufficient time available for discussing all 
phases. 
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The matter of the reflection coefficient has previously been 
discussed by Englund, Crawford, and Mumford,!? whose results 
were duplicated independently by the author using standard 
optical theory. The exact comparison of equations was made 
during correspondence with Mr. W. W. Mumford during January, 
1939, in which he states that they have used the simplified 
formula 


cme 


(e — 1)108 = (Pp + Pw4800/7)157.5/T 

for determining the dielectric constant of the atmosphere, where 
e is the dielectric constant, T is the absolute temperature in 
degrees Kelvin, P; = total atmospheric pressure in millibars, 
and Py is the water-vapor pressure, also in millibars. The 
results from this equation check very well with those of both 
Mr. Diamond and the author. Mr. Diamond’s reflection coeffi- 
cient equation for vertical incidence may be taken directly from 
any treatise on optical or radio-wave theory and is given in its 
complete forms for any angle of incidence by Petersen? as: 














ay) lVcos? ¢ — 2An — (1 — 2An) cos @ 
a4), V cos? o- 2An + (1 — 2An) cos ¢ 
and 
a,| _ |cos ¢@ — V cos? ¢ - 2An| 
A417 cos ¢ + V cos? @ — 2An 














For An << cos ¢ these formulas reduce to 


| a,/a; |1 = | (2 cos? @ — 1)/2 cos? @ | An 
and 
| ay/a; ju = | 1/2 cos? @ | An 
where 
|a,/a;\1 = reflection coefficient magnitude for polarization 
parallel to the plane of incidence 
| a,/a; | = reflection coefficient magnitude for polarization 


normal to the plane of incidence 
’ angle of incidence with the boundary 
An = change in index of refraction at the boundary 


= Va- Va 


For small values of the complement of the angle of incidence, 
which chiefly concerned Englund, Crawford, and Mumford, in 
their tests near grazing incidence with ultra-high frequencies, 
they used the simplification 


| E,/E;| = Ae/4 sin? 6 


where E, = reflected field strength 


E; = incident field strength 
Ae = change in dielectric constant at the boundary 
@ = complement of the angle of incidence 


At vertical incidence the complete expression for the magnitude 
of the reflection coefficient becomes 


? Englund, Crawford, and Mumford, Further Studies of Ultra- 
Short-Wave Transmission Phenomena, B.S.T.J., Vol. 14, page 
369, 1935. 

? Englund, Crawford, and Mumford, Ultra-Short-Wave Trans- 
mission and Atmospheric Irregularities, B.S.T.J., Vol. 17, page 
489, 1938. 

3 Petersen, The Propagation of Radio Waves, p. 140 (Copen- 
hagen 1927). 


which is the same as Mr. Diamond’s equation except for the 
notation. All this discussion of course assumes an infinite, 
plane, perfectly sharp boundary between two different types of 
air. This is not strictly true, but as a first approximation it 
gives an idea of the magnitude of the effects to be observed. 

In past measurements it has appeared that the observed effects 
were about one order of magnitude greater than the predicted 
values, at some times. The coefficient of reflection, in the case 
of the physical conditions encountered and the very short pulses 
of signal used in the measurements, is rather difficult to deter- 
mine exactly. It may be found that later measurements will 
more nearly check with the amplitudes predicted theoretically. 
The results now being obtained are not at all out of reason 
however, since a very sensitive receiver is used and considerable 
advantage is taken of antenna directive properties. In addition, 
there is the factor of the ability of regularly timed, sharp pulses 
of signal to carry through the noise levels produced in or picked 
up by the high-gain receiver. Since the signals observed on 
the cathode ray oscilloscope screen represent only about */,000 of 
the total integrated signal output, because of the small time 
interval observed, most of the interference due to the high gain 
required is eliminated. The pulses appearing always at one spot 
on the screen produce by their integration a much brighter peak 
than the random noise surge effects which are generally evenly 
distributed and quite varied in form. It is thus possible to 
operate such a pulse receiver with an interference background 
which would be prohibitive in other types of service. 

In receivers used for this purpose most satisfactory operation 
has been obtained with a maximum possible gain of over 107 in 
the receiver alone. Some additional gain may be obtained in 
the antenna arrangement so that, for observations of the higher 
and decidedly much weaker reflections, it appears that a signal 
of less than one microvolt per meter could be detected without 
much difficulty. 

Except in unusual cases all apparently bona fide reflections 
from the region between 2,000 to 10,000 meters altitude require 
the use of an auxiliary stronger (longer) pulse from the trans- 
mitter plus practically all of the available useful gain of the 
receiver. Even then the higher reflections, when observable, 
are usually at about the limit imposed by the tube and circuit 
noises. It is hoped that subsequent antenna and circuit im- 
provements may help this operation. 

While the pulse patterns drawn in the figures all show quite 
broad reflected pulses it should not be assumed that this is always 
the case. The lower reflections are generally quite sharp com- 
pared with the higher ones and in many cases they approach the 
appearance of the direct pulse. It is believed that the reflection 
at an angle may, in many cases of disturbed boundaries, produce 
longer delay signals and thus result in broader reflected pulses. 
It seems that focusing effects might conceivably introduce more 
signal from the non-vertical incidence reflections than from the 
vertical. If this picture is true it is obviously necessary to make 
all measurements at the leading edge of the received pulse to 
obtain the vertical incidence height. 

From the standpoint of both sensitivity and confinement of 
the reflections to the vertical incidence region, it appears neces- 
sary to provide as good as possible vertically directed antenna 
systems for both the transmitter and the receiver. Although the 
frequencies necessary seem a trifle high for this work, it may be 
that the electro-magnetic wave horns of Prof. Barrow of the 
Massachusetts Institute of Technology will be found satisfactory 
in this application. 


ALBERT W. FRIEND 
Harvard University 

















The Influence of Taper on the Efficiency 
of Wide Flanged Box-Beams 


ERIC REISSNER 
Massachusetts Institute of Technology 


I. INTRODUCTION 


HE problem of the efficiency of wide (shallow) box- 

beams has been the object of many investigations.' 
However there seems to be no information concerning 
the influence of beam taper. In the present note the 
theory of plane stress is applied to the determination 
of the stresses in the cover-sheet of a box-beam of 
tapering width (Fig. 1). Only a few cases are treated 


Force 


a) 





b) 


Fie. 1. 


here; these demonstrate how other cases of ‘‘shear lag”’ 
in beams of tapering width may be studied in an 
analogous manner. The present calculations indicate 
that a taper in width reduces shear lag, 7.e¢., it increases 
the beam efficiency compared with the values for un- 
tapered beams of the same maximum width. 


II. FUNDAMENTAL RELATIONS 


The stress compoyents in two dimensions (Fig. 2) 
may be expressed? in terms of a stress function F, which 
satisfies the equation V °V °F = 0, in the following ways 





O°F O°F °F 
Se Rg — ee (1) 
oF * Ox? Ox Ov 
O° F 1 OF 1 OF of or) 
a Sy ae + a [i—_—-_ = ees 
Or? r Or r? 06? or\r O86 
(2) 


Received December 5, 1939. 


It is advantageous to employ the two sets of expressions 
simultaneously since the boundary conditions in this 
problem are easiest to formulate in polar coordinates 
while the relevant stress-components are those taken 
with respect to the rectilinear coordinates x,y. 


III. SOLUTIONS FOR DIFFERENT LOADING CONDITIONS 


In this section the stress function and the stresses for 
a number of fundamental loading conditions of beams 
of constant height are determined. These fundamental 
solutions are all derived for an infinite wedge. The 
stresses for a beam of finite span may then be deter- 
mined in the following manner. One may imagine the 
part of the wedge to the right of a section x = constant 
cut off and assume that the calculated stresses along 
this section are the ones acting at the support. In any 
case the difference between the actual end section stress 
distribution and the calculated stresses is a system of 











Fic. 2. 


stresses in equilibrium with itself. St. Venant’s prin- 
ciple asserts then that the influence of this self-equili- 
brating load system becomes small at a distance from 
the end section which is of the order of magnitude of 
the width of the end section. 


Beam with Concentrated Load at the Apex (Fig. 3a) 


The vertical shear in the side webs is constant and 
the edge conditions for the cover-sheet of opening 
angle 24) are assumed to be 


6 => + A, Tre >= + T), go = 0 (3) 
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a) 








d) 


The stress function satisfying these conditions is 
F = cor*(cos 20 — cos 26) (4) 


and in rectangular coordinates 


F = o[(x? — y*) — (x? + y?) cos 26] (4a) 
where 
Co = 7/2 sin 24% (5) 
The stresses are 
o, = —2ce(1 + cos 26) (6a) 
ay = (1 — cos 24) (6b) 
Try = 0 (6c) 


Since the normal stress o, is uniformly distributed 
across the sheet there is no shear lag; the sheet is fully 
efficient. 

The same solution, with a different constant cp, also 
applies if there are edge stiffeners of uniformly tapering 
cross-sectional area A = Aor. In this case the con- 
dition 7,¢(+6)) = +79 must be replaced by tr, + 
0(Ac,)/Or = toto, where ¢ denotes the thickness of the 
cover-sheet and f the thickness of the side-webs. 
Shear lag for this loading condition does only occur if 
in addition to the edge stiffeners there are other longi- 
tudinal stiffeners attached to the sheet. 


Beam with Uniform Load (Fig. 3b) 
The vertical shear in the side-webs increases linearly 


and the edge conditions are 


0@= =H, 19 = =f, o = 0 (7) 


where 7; is a constant depending on the magnitude of 
the external load, on the dimensions of the side-web, 
and on the thickness of the cover-sheet. The stress 
function satisfying these conditions is 


F = qr*(cos 38 — cos 6 cos 36%/cos 9) (8) 
and in rectangular coordinates 


F = q[(x* — 3x y?) — x (x? + y?) cos3/cos %] (8a) 
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with 
CG, = 7/2(3 sin 30) — tan 4 cos 34) (9) 


The stresses are 


a, = —24x(3 + cos 34/cos 9) (10a) 
ay = 24x(3 — 3 cos 34/cos Oo) (10b) 
Txy = —2cyy(3 — cos 36/cos 9) (10c) 


xy 
As in the preceding case the normal stresses do not vary 
transversely. 
Beam with Uniformly Tapering Load (Fig. 3c) 


The vertical shear in the side-webs increases para- 
bolically and the edge conditions are 


6 = +H, tT. = rer’, oF = 0 (11) 
The stress function becomes 

F = cr*[cos 46 — cos 20 cos 44%/cos 24] (12) 
and in rectangular coordinates 


F = @[(x* — 6x*y? + y*) — (x? + y)(x? — y’) 


cos 44/cos 24] (12a) 
where 
Co = 12/3(4 sin 4% — 2 tan 24 cos 46) (13) 
The stresses are 
6, = —12c2[x? — y?(1 + cos 40/cos 26o)] (14a) 
oy = 12c2[x?(1 — cos 46/cos 2%) — y*I (14b) 
Try = 24eexy (14¢) 


In this case o, varies in a chordwise direction how- 
ever in such a way that the maximum stress occurs in 
the middle of the sheet and not along the edges! 


Beam with End Moment Load (Fig. 3d) 


This case, in itself not important, must however be 
introduced to solve those problems where the free end 
of the beam is not pointed but of finite width, as will 
be seen in the following paragraph. 

The edge conditions are 





6= +h, Te = 0, o% =0 (15) 
and the stress function is 
F; = c3r@ sin 0 (16) 
or 
Fs; = czy tan! (y/x) (16a) 
The stresses are 
¢, = 6 “(7 tan?) = 2¢3 ae (17a) 








ayer 
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<= ~Y)_ xy? 7 
YT = oo 2 (y tan 2) = 23 (x? + y?)? (17b) 
2 2. 
Try = —63 3 (> tan-*2) = a ee. 2 Se 
Ox Oy x (x* + y*)? 
(17c) 


Eg. (17a) shows that the spanwise normal stress has 
its maximum for y = 0 and decreases toward the edges 
of the sheet. It also decreases with increasing x, that 
is with increasing distance from the point of application 
of the load. It will be seen that the transverse varia- 
tion of ¢, for this loading condition is responsible for 
the shear lag in beams with finite tip width under 
actual loading conditions. 


IV. THe STRESSES IN A BEAM OF FINITE Tip CHORD 


By superimposing a moment load at the apex to 
any combination of the three other fundamental load- 
ing conditions one is able to obtain the stresses in a 
beam having finite tip chord with a concentrated load 
at the free end, a uniformly distributed load and a 
uniformly tapering load distribution (such as lift dis- 
tribution). The present calculations however do not 
give the stresses due to concentrated loads in between 
tip and root (e.g., engine weights). For calculations 
which correspond in effect to this problem, if the in- 
fluence of taper is neglected, see reference 3. 


Example 
As an example consider a beam with concentrated 


end load and a tip chord 2w, so that w, = x, tan % 
(see Fig. 4). One must superimpose on the solution 




















F, for a concentrated apex load a moment singularity 
F; so that at the cross-section x = x, there is no re- 
sultant moment and, neglecting the bending resistance 
of the side-webs, zero resultant of the stresses ¢,. 
For the calculation of the effective sheet width, defined 
as 


We7z. _ So” dy/(ox)y=u (18) 


the absolute magnitude of the stresses is irrelevant 
and the problem consists in adjusting the constant 
¢; in F; such that for the stress distribution corre- 
sponding to 


F= Fi,_+ F; (19) 


there is zero resultant normal stress at the section 
x = x: 


w ws 2 
F oa dy = I ee de os oF 
5 s OF oy 


According to (16a) and (4a) 


F = co[(x? — y*) — (x? + y*) cos 26)] + cay tan—'(y/x) 
(21) 


bed | 
=0 (20) 





and 


oF 


= a - 2w — 20 cos 26 4 
oy . 





.? xy 
cs | tan—'( + —— 
‘ [ ye) x? + y? 


= —Co2w[l + cos 26] + c3[% + (1/2) sin 26] (22) 
Hence Eq. (20) gives cs in the form 
C3 = Co 4w,(1 + cos 26)/(20 + sin 2%) (23) 


With that, and using (6a) and (17a) the following ex- 
pression for w,¢, results 
(OF/Oy)y = w 
Wg, = — 
(0?F/ Oy"), = w 


_ —2co(1 + cos 26)(w — w,) 


7 2 
_ 201 + cos 2m)(1 _ 4w,cos shoes *) 
x (20 + sin 269) 











wes. oe si (24) 
1 — w, sin 46/w(20) + sin 265) 





which may also be written 


. 1 — x,/x 


w 1 — x, sin 40)/x(20 + sin 26) 





(24a) 


In accordance with (20), (w,,/w) is zero at the free 
end x = x, and increases toward the root. Fig. 5 
shows (w,7/w) as a function of (x,/x) for a number of 
values of %. For (% < 10°) one may write 








_, a. = —_ 7 602, tan 0 = oy = we, — & 
2% + sin 26 3 L 
(25) 
and 
MS oy EE Hae Sey 
w , 7 x,(w, - w,)? 7 w,o 
3 L(x — x) 3% —2%, 


Eq. (26) shows that whatever the value of w,/(x — x,), 
(w,¢/w) approaches unity, when 6) approaches zero. 
This indicates that one may not pass by a simple ana- 
lytical limiting process from the case of the tapered 
beam considered here to a beam of uniform width. 
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V. On ASSUMPTIONS MADE IN THE ANALYSIS 


In the foregoing discussion two simplifying assump- 
tions have been made; only one of these is essential. 

The non-essential assumption was that along the 
edges of the cover-sheet o, = 0, 7.e., the resistance of 
the side-webs normal to their plane was neglected. 
There is no fundamental difficulty in correcting for 
this. It requires replacing the condition o, = 0 by 
one taking into consideration the resistance of side- 
webs plus edge stiffeners to torsion and bending normal 
to their planes. However it is to be expected that 
this correction has only a small influence on the results. 
In order to estimate the magnitude of the changes it 
will be sufficient to take the other limiting case of side- 
webs rigid normal to their planes. The actual condi- 
tion will in most cases be much nearer to the case 
considered here than to the case of the rigid side-webs. 

The second assumption made is that the shear in the 
side-webs and the normal stress in the cover-sheet vary 
in a spanwise direction according to the same law. 
Since this implies for reasons of continuity that the 
normal bending stress in the side-webs also follows the 
same law, it follows that the bending resistance of the 
side-webs in their plane has also been neglected in the 
foregoing analysis. It would be difficult to include 
this resistance in the analysis for side-webs uniform in 
thickness and height. It is, however, possible to in- 
clude the resistance of the side-webs if they are of 
uniformly tapering height and constant thickness. In 
this latter case, which is considered in the following 
paragraph, one observes that the section modulus of 
the beam section increases as the square of the dis- 
tance from the tip while for constant height and ne- 
glected bending resistance of the webs it increases 
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linearly. This means that for the same loading con- 
ditions the ratio between corresponding stresses in the 
two types of beams is proportional to the distance 
from the tip. This must be observed for the selection 
of the proper stress functions. 


VI. THe BEAMS OF TAPERING WIDTH AND HEIGHT 
(Fic. 1b) 


Another case in which the analysis can be carried 
through quite simply is that in which the width of the 
cover-sheets as well as the height of the side-webs tapers 
uniformly.* In this case it is possible to satisfy all 
conditions along the edges, equilibrium of shear in 
adjacent walls and continuity of spanwise normal 
stresses. 

As an example the case of a box-beam with concen- 
trated apex load will be considered. The state of plane 
stress in the side-webs determines a stress function F, 
and the stresses in the cover-sheet determine a stress 
function F.. The condition that there is moment and 
force equilibrium at each cross-section is, as will be seen, 
satisfied by assuming 

F, = A,r6,cos 6,, F, = A,r, cos 0, (27) 
The edge conditions are 


t Tyres + LeTrae = 0, 
Ors G,_ (28) 


6, = 0, 0 = O00, oo = 0, 


The first two conditions of (28) are identically satisfied. 
The third serves to determine the relation between A, 
and A.,. 
(o,), = —(2A,/r) sin 6,, = (¢,), = (2A,/r) cos 6,, (29) 
Hence 

A, = —A, cos 6,,/sin 6,, (30) 


The magnitude of A, and A, may be determined in 
terms of the magnitude of the applied force P by the 
condition of moment equilibrium. 

The type of stress distribution and the effective width 


of the cover sheet are of primary interest. From (27), 
tea 2A , (x? do y*)x/ (x? + y?)? (31) 
o,, = —2A, yx? / (x? + y*)? (32) 


It will again be noted that the maximum of the 
normal stress does not occur at the edges but in the 
middle of sheet. 





* The problem of the influence of taper in height on the 
stresses in the side-webs has recently been considered by E. H. 
Atkin. However, he does not mention the question of the stress 
distribution in the cover-sheets. In actual cases exact theory 
gives only small corrections for the elementary side-web stress 
calculations, while for the shear lag problem the exact theory is 
unavoidable to obtain quantitative results. 
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The effective width is, in this case, defined as 


wep. _ SJ “ordy _ (OF/Oy)y=w 


W(Oxc)y =0 








w W(x) y=0 
and it follows from Eq. (27) that 


weg, _ A,[tan-! (y/x) + xy/(x? + y)] you 
wo w2A.[(x* — y)x/(x* +9) Jy =o 


= (26 + sin 20)/4 tan % (33) 





(w,g/w) according to (33) is given graphically in Fig. 6. 
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The cases of uniform spanwise load distribution and 
of uniformly tapering load distribution may be analyzed 


in the same manner as was this loading condition. In 
both cases it will be found that the normal stress dis- 
tribution across the cover-sheets is uniform. 

The solutions for beams with finite tip chord may 
again be derived from the fundamental solutions for 
zero tip chord by the superposition of fictitious loads 
(moment and force) at the apex. The stress functions 
for the moment singularity are of the form F, = A, 
cos 20, F, = A, sin 26 + B,@ where the constants A 
and B must be determined from the edge conditions. 
Shear lag occurs, as in Section IV, due to the super- 
position of the fictitious apex loads. 


VII. SumMMARY AND CONCLUSIONS 


A method for the determination of shear lag in 
tapered beams is given which utilizes the properties of 
plane stress in a wedge shaped region. In some in- 
stances the calculations are carried through to numerical 
results, for the remaining cases the manner in which 
the solution is to be found is indicated. 

A result of general character is that tapered beams 
are more effective with respect to shear lag than non- 
tapered beams of the same root width. 
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(Continued from page 339) 
then comes France with 13, Italy with 17, and The Netherlands 
with 9. 

Altogether 32 countries are represented in the Airplane Section. 
The Engines Section is just as comprehensive, though fewer 
nations make engines than make airplanes. 

Valuable sections on Civil and Military Aviation are given, 
including compilations of information on air transport activities, 
associations, airports, service organizations, publications, etc., 
of each country. 

The editors and their collaborator, Mr. Thurston James, 
merit the gratitude of the world’s aviation industry for compiling 
under great difficulty another volume of this invaluable series. 


Proceedings of the Second Annual Rotating-Wing Meeting; 
Phila delphia Section, I.Ae.S., 1940; 206 pages (mimeographed), 
$2.50. 

The Philadelphia Section of the Institute has mimeographed 
the complete proceedings of their Second Annual Rotating-Wing 
Meeting, held on November 30th and December Ist, 1939. It 
includes the papers abstracted in the December, 1939, issue of 


the Journal and the discussions following each of the presenta- 
tions. It contains much information which will be of value to 
those working in the field of rotating-wing aircraft. 

Copies are available from Ralph H. McClarren, Secretary, 
The Franklin Institute, Philadelphia, Pennsylvania. 


Simplified Celestial Navigation, by P. V. H. Weems and E. A. 
Link, Jr.; Weems System of Navigation, Annapolis, Maryland, 
1940; 92 pages, $3.00. 

A condensed practical text for the beginner. It describes the 
latest methods and equipment for celestial navigation. It care- 
fully avoids needless mathematical theories and methods not 
actually used by the air navigator. The student is led from the 
beginning, step by step, by a short discussion, practical examples, 
and questions and answers, through the various problems con- 
nected with celestial air navigation. 

On a folded sheet 22 in. X 28 in. carried in a pocket, the stu- 
dent is furnished the actual navigation accomplished by Capt. 
Lewis A. Yancey on his spectacular flight across the Pacific on 
the Archbold plane Guba. 

The book will be used as a text in giving instruction on an 
advanced Link Trainer, as well as to beginners. : 
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SECOND ANNUAL SUMMER MEETING, Los ANGELES, 
June 24, 25, 26 


The Second Annual Summer Meeting of the Institute will be 
held at the Ambassador Hotel in Los Angeles. Twenty-three 
technical papers of vital importance to many aeronautical 
specialists will be presented. 

All of the papers listed in the Tentative Program printed in 
the May issue of the Journal will be presented. The Final 
Program, copies of which will be sent to interested persons and 
will be available at the meeting, includes in addition the following 
two papers. 

F. J. Matina, California Institute of Technology, Characteristics 
of the Rocket Motor Utilizing a Gaseous Propellant. 
E.uiott G. Rem and WALTER VINCENTI, Stanford University, 

An Experimental Determination of the Lift of an Oscillating 

Airfoil. 

The chairmen of the five sessions will be: V. H. Pavlecka, 
Northrop Aircraft (Structures); R. W. Palmer, Vultee Aircraft 
(Vibration and Flutter); Th. von Karman, California Institute 
of Technology (Instrumentation); Hall L. Hibbard, Lockheed 
Aircraft Corporation (High Altitude Flying); Clark B. Millikan, 
California Institute of Technology (Aerodynamics). 

James H. Doolittle, President of the Institute, will be Toast- 
master at the Banquet for Institute members and their guests 
on Wednesday night. An entertaining program of speeches and 
demonstrations has been arranged. 


INSTITUTE SESSIONS AT A.A.A.S. MEETING, 
SEATTLE, JUNE 21 


Two Institute technical sessions will be held on June 2Ist at 
Bagley Hall, University of Washington, Seattle, in connection 
with the Summer Meeting of the American Association for the 
Advancement of Science. The A.A.A.S. meeting extends from 
June 17th to June 22nd. 

Following is the Tentative Program of the Institute sessions: 


10:00 a.m. 


FREDERICK K. Kirsten, Chairman 

W. RANDOLPH LOVELACE, II, WALTER M. Boorusy, and Oris O. 
BENSON, JR., Mayo Clinic, High Altitude and Its Effect on the 
Human Body. 

2:00 p.m. 
FREDERICK K. Kirsten, Chairman 

ALBERT C. REED and Epmunp T. ALLEN, Boeing Aircraft Com- 
pany, Airplane Performance at Altitude. 

Streamline Visualization (a motion picture prepared by C. 
Witoszynski of the Warsaw Polytechnic Institute, Poland, 
and shown at the Annual Meeting of the Institute, January 
24, 25, 26, 1940). 

4:00 p.m. 


Transpacific Flight (a sound and color motion picture prepared by 
Pan American Airways featuring flight from San Francisco 
to China). 


A dinner, at which the Musick Memorial Trophy for 1940 will 
be presented to Robert J. Minshall, will be held at 7:00 p.m. in 
the Masonic Temple. Philip G. Johnson, -President of the 
Boeing Aircraft Company, will be Toastmaster. Speakers will 
be: Cebert Baillargeon, President, Seattle Chamber of Com- 
merce; Dr. L. Paul Sieg, President, University of Washington; 


Honorable Arthur B. Langley, Mayor of Seattle; His Excellency 
Clarence D. Martin, Governor of the State of Washington; 
James H. Doolittle, President, I.Ae.S.; Honorable Cecil Hope 
Gill, His Britannic Majesty’s Consul at Seattle; Lester D. 
Gardner, Executive Vice-President, I.Ae.S.; and Robert J. 
Minshall, Vice-President, Boeing Aircraft Company. 


HowaRpD HUGHES TO RECEIVE OcTAVE CHANUTE 
AWARD 


Howard Hughes has been selected as the recipient of the Octave 
Chanute Award for 1940, ‘‘for his skillful use of high-speed, long- 
range aircraft and advanced methods of aerial navigation.” 

The award is given annually ‘‘for a notable contribution made 
by a pilot to the aeronautical sciences.’””’ The Committee of 
Award consists of Major General H. H. Arnold, Chief, U.S. Air 
Corps, War Department; Rear Admiral J. H. Towers, Chief, 
Bureau of Aeronautics, Navy Department; Dr. Lyman J. Briggs, 
Director, National Bureau of Standards; Robert H. Hinckley, 
Chairman, Civil Aeronautics Authority; Dr. George W. Lewis, 
Director of Research, National Advisory Committee for Aero- 
nautics; Major James H. Doolittle, President of the Institute; 
Lester D. Gardner, Executive Vice-President of the Institute. 

The Chanute Award was established by the Institute to honor 
the memory of one of America’s pioneer aeronautical investiga- 
tors. After a distinguished career as a civil engineer, Octave 
Chanute became interested in mechanical flight, built gliders and 
encouraged the Wright Brothers to proceed with their work. His 
book Progress in Flying Machines, published in 1884, is an avia- 


tion classic. Mr. Chanute died in 1910. 


GIFTS TO THE INSTITUTE 


William P. Lear presented a portable radio receiver by which 
members may hear weather reports, control tower directions and 
regular broadcasts from the offices of the Institute. Mrs. Bella 
C. Landauer added to the collection of aeronautical music she 
had already presented to the Archives. 

William Wait, Jr., gave a collection of aeronautical books and 
pamphlets. Pratt and Whitney Division of United Aircraft 
Corporation sent a large number of magazines. The Weems 
System of Navigation presented several books relating to air 
navigation. 

The Tippecanoe County Historical Association sent a pam- 
phlet, The First Official Air Mail. Harry Vissering presented 
the flag flown by the airship Los Angeles on its flight to the United 
States in 1924. 

The B. F. Goodrich Company added to the Archives film col- 
lection the Goodrich De-Icer film. The Field Museum of Natural 
History sent the booklet The Pre-History of Aviation. 

The Dornier Company of Friedrichshafen, Germany, has pre- 
sented the Institute with two all-metal models of the Do-17 
and the Do-26. 


I.AE.S. STUDENT BRANCH AWARDS 


In line with its policy of encouraging and recognizing out- 
standing accomplishments by young engineers, the Institute has 
established two annual awards for members of each of the Stu- 
dent Branches. These will be presented to recipients for the 
first time during commencement exercises this month. 
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The first of these, the ‘“‘Student Branch Scholastic Award,” 
will be presented to a Senior Student Member in each Branch, 
or to a graduate Student Member in each Branch that does not 
have undergraduate student members, “for attaining the best 
scholastic record in aeronautical engineering during his Junior 
and Senior, or Graduate years.” 

The second award, the “Student Branch Lecture Award,”’ 
will be presented to a Senior or Graduate Student Member in 
each Branch “for preparing and presenting the best lecture at a 
regular meeting of the Branch.” 

The recipient of each award will receive a certificate in a case 
embossed with the seal and name of the Institute, and, as an 
honorarium, two years of prepaid membership in the Institute. 

As the Journal goes to press the names of all of the recipients 
are not available. An incomplete list follows: 

The recipients of the Student Branch Scholastic Awerd are 
R. E. Davidson, Georgia School of Technology, Thomas E. 
Murphy, University of Minnesota, J. Pavelka, New York Uni- 
versity, and Frank Zerilli, North Carolina State College. Those 
who have received the Student Branch Lecture Award are L. A. 
Geyer, Georgia School of Technology, Lorell V. Larson, Uni- 
versity of Minnesota, Alexander H. Flax, New York University, 
and David Pearsall, North Carolina State College. The names 
of other recipients will appear in succeeding issues of the Journal. 


PRESIDENT AND EXECUTIVE VICE-PRESIDENT VISIT 
BRANCHES 


Major James H. Doolittle, President, and Major Lester D. 
Gardner, Executive Vice-President of the Institute, completed 
on May 16th a six weeks’ tour of the Branches of the Institute. 
They visited twenty cities and spoke before 31 Branches and Sec- 
tions. A showing of the film ‘‘Conquest of the Air’’ concluded 
each meeting, unless otherwise noted below. This film was pro- 
vided through the courtesy of Films, Inc., of New York City. 

To make these visits in the shortest time, they flew over 18,000 
miles on regular air transport lines and in three company air- 
planes provided by the Shell Oil Company. No scheduled meet- 
ing was missed. To attend some meetings, the speakers had to 
fly in the morning to a noon meeting and in the afternoon to an 
evening meeting. On one day, 750 miles were flown to keep 
engagements in different cities. Over four thousand members 
of the Institute, students and guests came to the meetings. 

Major Doolittle told of many early experiences in testing new 
ideas in airplane design when he was in the Army Air Corps. 
Many of the devices tried were found to be impracticable at the 
time but since then have been developed so that they are stand- 
ard equipment on airplanes of today. He explained the reasons 
for the growth of the Institute and told of the problems now fac- 
ing the younger engineers who have entered the aeronautical 
industry. 

Major Gardner gave a report of the recent expansion of activi- 
ties of the Institute and told of plans for the future. 

So many courtesies and such cordial hospitality were extended 
to the officers of the Institute that they wish to thank all those 
who gave their time and made the arrangements for their enter- 
tainment. 

The trip was so extensive only a short account of each meeting 
can be given. 

Los Angeles Section, California Institute of Technology, Cur- 
tiss-Wright Technical Institute. On April 4th, a dinner was held 
in Los Angeles. Two hundred and fifty members and guests 
were present. Richard Palmer was Chairman. 

San Francisco Section, University of California, Stanford Uni- 
versity, Boeing School of Aeronautics. This meeting was held 
under the sponsorship of the San Francisco Section on April 16th 
at the Bellevue Hotel, San Francisco. Over 100 attended this 
informal dinner. John C. Leslie was Chairman. 


Oregon State College. At a luncheon held on April 17th, the 
guests included President Peavy of Oregon State College, and 
Prof. Dearborn, Dean of the School of Engineering. Oliver 
Glenn, Chairman of the Student Branch, presided. 

Seattle Section, University of Washington. Prof. F. S. East- 
man of the University of Washington was Chairman at a dinner 
held on April 17th. About 250 local members, many from the 
Boeing Airplane Company, were present. 

University of Minnesota. An informal dinner was given on 
April 19th at which Prof. John D. Akerman was Master of Cere- 
monies. After the dinner 220 members of the Branch attended 
the meeting. Norvin Erickson was chairman. 

Dayton Section, Dayton, Ohio. This meeting, held on April 
24th, was honored by the attendance of Mr. Orville Wright and 
Mr. Griffith Brewer, Vice-President of the Royal Aeronautical 
Society. Captain Donald L. Putt of Wright Field was Chairman. 

Tri-State College, Angola, Indiana. Over five hundred stu- 
dents attended the afternoon meeting on April 25th. President 
Burton Handy of Tri-State presided. 

Notre Dame University, Notre Dame Section. About three 
hundred members were present at a dinner and meeting held on 
April 25th. Prof. F. N. M. Brown was Chairman. 

Aeronautical University, Chicago. Over 100 local members at- 
tended a luncheon held at the Army and Navy Club on April 
26th. Charles Lasher was Chairman. Brig. Gen. Barton K. 
Yount, Asst. Chief of the Air Corps, spoke on the work of the 
Institute. 

University of Detroit, Lawrence Institute of Technology. 
Three hundred members and friends participated in the luncheon 
and meeting on April 30th at which Prof. Peter Altman was 
Chairman. Kenneth E. Smith, Chairman of the University of 
Detroit Student Branch, was awarded the American Legion 
medal for citizenship and scholarship. 

University of Michigan. Timing their visit to coincide with 
the Fourth Annual Spring Banquet of the Student Branch on 
April 30th, Majors Doolittle and Gardner spoke before 125 
members and guests. Michael A. Gorman, Editor of The Flint 
Journal, was Toastmaster. Prof. E. A. Stalker, who has just 
completed his tenth year in charge of the Aeronautical Engineer- 
ing Department, was presented with a brief case by the Student 
Branch and Prof. M. J. Thompson was given a desk pen. 

University of Cincinnati. Prof. Bradley Jones, Head of the 
Aeronautical Engineering Department, was Chairman of a 
meeting held at noon on May Ist. Nearly 400 members and 
guests were present. 

Carnegie Institute of Technology, Pittsburgh. Dr. Robert E. 
Doherty, President of the Carnegie Institute of Technology, met 
Majors Doolittle and Gardner at the Allegheny County Airport 
on the afternoon of May Ist. Later a dinner and meeting was 
held in the Faculty Dining Room. Prof. George B. Thorp was 
Chairman. 

Massachusetts Institute of Technology, Harvard University. 
Arriving at Cambridge early on May 8th, Majors Doolittle and 
Gardner were guests at a luncheon attended by members of the 
faculty. Two hundred members and aeronautical students at- 
tended the afternoon meeting. Paul Butman was Chairman. 

Rensselaer Polytechnic Institute. R. J. Cox was Chairman at 
a meeting which was attended by 140, after which President 
Hotchkiss gave a luncheon in honor of the guests. 

New York University, Brooklyn Polytechnic Institute. A meet- 
ing was held at the Nichol’s Building of New York University 
with over 75 members attending. Prof. Alexander Klemin was 
Chairman. 

Catholic University of America, Washington, D.C. Approxi- 
mately 100 members and guests were present at a meeting held 
at noon on May 10th, including students from the University 
of Maryland and George Washington University. Among those 
present were Dr. George W. Lewis and Mr. John F. Victory of the 
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National Advisory Committee for Aeronautics, and Prof. John 
E. Younger of the University of Maryland. 

N.A.C.A., Langley Field, Virginia. Mr. H. J. E. Reid, Engi- 
neer-in-Charge, presided at a meeting held on the evening of 
May 10th. About 250 members of the staff of the N.A.C.A. 
Laboratories, including many members of the Institute, were 
present. 

Georgia School of Technology. After an informal dinner, a 
meeting at which 150 were present was held. Prof. W. R. Weems 
presided. 

North Carolina State College. At the Sir Walter Hotel at 
Raleigh, North Carolina, a dinner was held at which Prof. L. R. 
Parkinson presided. About 50 members and guests were present. 
In the evening a meeting was held at the University, at which H. 
R. Crawford was Chairman. 

Philadelphia Section. About 50 members and guests at- 
tended a dinner held in the Orchid Room of the Warwick Hotel 
on May 16th. Ralph H. McClarren was Toastmaster. ‘‘Trans- 
pacific Flight’? was shown through the courtesy of Pan American 
Airways. 


STUDENT BRANCHES 


Brooklyn Polytechnic Institute. New officers for this year 
were elected at a meeting held on April 4th. William H. Miles 
is Chairman, Herbert Muncy, Vice-Chairman, and William 
Holmes, Secretary-Treasurer. Retiring Chairman Robert C. 
Kidder spoke on the duties and responsibilities of each officer. 
Fifteen members attended the meeting. The new Chairman 
presided at a meeting held on April 25th. 

Carnegie Institute of Technology. The “Summary of the 
Eighth Annual Meeting’”’ prepared by Prof. Alexander Klemin 
was presented on April 5th by Raymond Ely. Walter F. Darges 
read his paper on ‘‘The Visualization of Airflow.’’ A movie on 
airflow experiments in N.A.C.A. smoke tunnels was shown. 
Twenty members attended the meeting. At a meeting held on 
May 9th, new officers for the school year 1940-41 were elected 
as follows: I. A. Marsh, Chairman, Allan Fink, Vice-Chairman, 
and Walter Mortlock, Secretary-Treasurer. Prof. George B. 
Thorp continues as Faculty Adviser. 

Casey Jones School of Aeronautics. The Branch lecture, 
“Essential Aircraft Instruments,’’ by W. A. Reichel was read 
at a meeting held on May 9th. Officers elected for this year 
are R. Rychetsky, Chairman, L. Cooke, Vice-Chairman, F. 
Fogle, Secretary, and R. Gilmore, Treasurer. 


Catholic University of America. Mr. C. P. Burgess of the 
Bureau of Aeronautics, U.S. Navy, at the regular monthly 
meeting held on March 13th, gave an illustrated lecture on 
‘‘Dirigible Airships.’” Many members and friends attended. 


Curtiss-Wright Technical Institute. A résumé of the Eighth 
Annual Meeting of the Institute was given by Alexander Satin 
on March 6th. On March 20th the members visited the Bowlus 
sailplane factory in San Fernando, California. Mr. Bowlus 
gave a talk on methods of fabrication ofthis sailplanes. 


University of Detroit. About fifty members and guests at- 
tended a meeting on March 26th at which Mr. Abrams of the 
Abrams Aerial Survey Corporation gave a talk on “The De- 
velopment and Importance of Aerial Photography.”” The 
Pan-American film ‘‘Rio Cruise’? was shown. The student 
activities for the past month included an inspection trip through 
the Stinson Aircraft plant under the guidance of Prof. Peter 
Altman. 

Lawrence Institute of Technology. The following officers 
were elected at a special meeting on March 13th: William 
McGinnis, Chairman; Charles F. Hughes, Vice-Chairman; 
Frank J. Crossland, Secretary-Treasurer; and Prof. George 
R. Stubbs, Honorary Chairman. Prof. Alexander Klemin’s 
lecture “Summary. of the Eighth Annual Meeting of the In- 
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stitute’ was read at a regular meeting held on April 2nd. The 
N.A.C.A. motion picture ‘‘Safe Flying’? was shown. 


University of Minnesota. The Student Branch has been given 
supervision of the aeronautical technical reference card file, 
which is located in the University’s Department of Aeronautical 
Engineering. This card file consists of about 6000 cards covering 
approximately 18,000 technical references. It was prepared by 
the Works Progress Administration as sub-project No. 25 of the 
W.P.A. official project No. 65-1-71-140. The references in this 
index pertain strictly to technical articles on aeronautical sub- 
jects which have appeared since 1930 in the Journal of the Aero- 
nautical Sciences, the Journal of the Royal Aeronautical Society, 
S.A.E. Journal, A.S.M.E. Transactions, A.C.I.C., Aviation, Aero 
Digest, Flight, N.A.C.A. publications, etc. In addition, it in- 
cludes references to special publications kept on file in the Depart- 
ment of Aeronautical Engineering. It represents a file of all the 
technical aeronautical material available at the University of 
Minnesota. Many of the special articles have been abstracted 
or reproduced under the W.P.A. project referred to above and are 
available for loan. 

The Secretary of the Student Branch will be pleased te answer 
any inquiries or requests for information, references, or loan to 
any members of the Institute or other Student Branches. 


New York University. At a recent meeting, Mr. George 
Titterton, Assistant Chief Engineer of the Grumman Aircraft 
Engineering Corporation, was the guest speaker. 


North Carolina State College. New officers elected for the 
coming year, at a meeting held on April 22nd, are George D. 
Lewis, Chairman, Charles Whitson, Vice-Chairman, and Katha- 
rine Stinson, Secretary-Treasurer. Prof. L. R. Parkinson 
awarded Herbert Crawford a copy of the book, ‘“‘Air Navigation,”’ 
for the highest grade on the C.A.A. written examination, and 
William S. Johnson received copies of the books, ‘“Your Wings” 
and “Through the Overcast,’’ as the Sophomore with the highest 
scholastic standing. 


Oregon State College. Richard Smith was elected Chairman, 
Thomas Zilka Vice-Chairman, and Walter Walling Secretary- 
Treasurer, at a meeting held on May 14th. Prof. B. F. Ruffner 
continues as Honorary Chairman. 


Rensselaer Polytechnic Institute. Two films, ‘‘Walls Without 
Welds,”’ and ‘‘Airplane Tires,” the latter through the courtesy 
of The Goodyear Tire and Rubber Company, were presented at 
a meeting held on March 7th. On March 21st, the films ‘“‘Bal- 
loon Racing,’ ‘‘The Air Fleet,’’ and pictures of the Graf Zeppe- 
lin’s ’round the world flight, also through the courtesy of The 
Goodyear Tire and Rubber Company, were shown. Two Army 
Air Corps pictures ‘‘Flying Cadets,’ and “‘Parachutes,’’ and 
a Naval Air Service picture, ‘““Sky Fleets of the Navy” were 
shown at a meeting held on April 11th. W. J. Beil showed pic- 
tures he had taken during the inspection tour of aircraft plants 
by senior aeronautical students. At a joint meeting held on 
April 22nd, the local chapter of Sigma Xi and the Student Branch 
were given a demonstration on aviation by the Franklin In- 
stitute. Ultra high speed motion pictures on the flight of birds, 
methods of flight, principles of flight and types of fliers were 
shown. 


Stanford University. At an informal dinner held on February 
19th, Prof. Emeritus Everett P. Lesley spoke on his trip to 
Rio de Janeiro. Two previous meetings included the presenta- 
tion of the lectures ‘‘Safety from the Ground Up,’’ by Jerome 
Lederer, and “‘Nickel and Nickel Alloys,” by J. W. Sands. 


Virginia Polytechnic Institute. The first meeting of this 
Branch was held on April 18th at which the following officers 
were elected: Honorary Chairman, Mr. John H. Wright; Chair- 
man, Harry C. Archer; Vice-Chairman, Walter E. Mason; and 
Secretary-Treasurer, Bruce H..Pauly. 
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Aeronautical Reviews 


These brief reviews.of recent articles on aviation subjects are published by the Army Air Corps for the 
information of its officers, and are printed here each month by permission of the Chief of the Air Corps 


Aerodynamics 


Big Wind Tunnel for Japan. ‘‘Japan claims to be building the World’s 
largest wind tunnel as a part of the Central Aeronautical Institute's plant 
at Mitaka-mura, Tokyo. Work on the wind tunnel will be started this 
year. It will have a working section almost 50 ft. in diameter and will be 
operated by engines of about 40,000 hp. Japan claims that it will be pos- 
sible to test full-sized aeroplanes under conditions equivalent to flying at a 
speed of about 600 m.p.h.” 

Brief reference only to this and to the Central Aeronautical Institute's 
plant which will cover about 50 acres and will take five years to complete. 
Other wind tunnels and laboratories will be included, as well as an aircraft 
manufacturing factory, an aerodrome and a training school. Institute is to 
cooperate with military authorities and civil companies to build high-speed 
aeroplanes, startosphere aeroplanes and other types on a large scale. Aero- 
plane, March 29, 1940, page 448. 

Formation Flying. F. W. Lanchester. Increase in aerodynamic effi- 
ciency which may arise from flying in formation. While theory points to 
the desirability of reduced speed for a flight in V formation, without any 
reduction of speed the formation results in a saving, and consequently, 
for a given expenditure of fuel, airplanes in V formation could, if occasion 
were to arise, fly faster than the same machines proceeding independently. 

According to the author’s vortex theory of sustentation, work done in 
overcoming induced drag is calculated. It is shown that the aspect ratio 
of the combination of two airplanes flying with wing tips just touching is 
greater than for the individual component machines, and that the speed 
of flight, for least resistance, will be lower for the combination, and so for 
a given value of V, the conditions are not fully comparable. The author 
regards the V formation as the best approach. He takes the case of five 
airplanes flying in echelon and points out that a part, not the whole, of the 
reduction in drag may be realized by this means. Graphs are given both 
for the direct resistance per machine, x, which is taken to be the same 
whether flying in formation or not, and for the induced drag per machine, 
which, being the same collectively when in tip-to-tip formation, varies per 
machine inversely as the number. Curves apply to cases where three, four, 
five, six, and seven machines are used. Another graph gives the total 
flight resistance or drag on the same basis. Flight, March 28, 1940, pages 
286e-286f, 287-289, 9 illus. 


Aircraft Design 


Stalling on Tapered Wings. P. Nazir. It has been found that, although 
the leading-edge slot diminishes the increased turbulence, which has already 
developed into a second stall (at high angles of attack) at the rear, from the 
leading edge, it does not affect the early stall without disturbing the smooth 
airstream on the nose of the wing. Actually, burbling is merely post- 
poned by the leading-edge slot, at large angles of attack, upon the wing at 
the rear, but is not remedied. This consequently decreases wing efficiency. 
Since tip and trailing-edge stalls start from the back of the wing, it is more 
effective to remedy them from the rear than from the front. This has 
been accomplished by utilizing a cut slot in the rear of the wing which not 
only apparently remedies the early stall, but causes no loss of efficiency. 

Results of tests indicate that the use of the cut slot in conjunction with a 
flap not only remedies the ‘‘ab initio’’ tip stall upon tapered wings but also 
greatly increases circulation around the whole of the neighboring trailing 
edge of the wing. Visual observations show that the flow makes a complete 
circuit being fed from beneath the flap through a cut slot on to the trailing 
edge and then to the flap again. Types of stall, spreading the rate of bur- 
bling, observing the flow, correcting the stall, the cut slot and flap, proper 
application of effects, and known individual effects are discussed. Aero 
Digest, April, 1940, pages 36-38, 7 illus. 

War’s Effect on Design. ‘‘Looking over some British opinions on where 
we are now, and where we're going in aircraft and engine design, doesn’t 
lead you to expect any startling changes in the near future. As might be 
expected, they’re almost entirely concerned with military types. Under 
aerodynamic improvements, nothing is said about the possibilities of new 
low-drag airfoil sections, but the British, like everyone else, are known to be 
working on them. Experts feel pretty well satisfied that the modern 
single-engined fighter is just about the end of the line in cleanness... . 
Structures are considered almost entirely from the viewpoint of production. 

. . Engines specially designed to be flat enough to fit into the average wing 
haven't been heard of so much lately, but in France at least one (a Bugatti 
to turn out 1500 hp.) is being worked on... . Anyway, they agree, some better 
place to put motors will have to be found than where they are now... . 
Biggest field for progress is that of standardization of details, and possibly 
even of design practice for whole assemblies throughout the industry. 
Engine designers don’t seem to be quite so willing to use standardization.’ 
Short note on foreign design trends due to the war. Aviation, April, 1940, 
page 84. 

Low-Wing Transport Planes. In the opinion of Lockheed executives, 
wings of tomorrow’s airplane will be low, for observers and forecasters say 
that the low-wing airplane is the safe plane. This conclusion was indicated 
by results of the Lockheed questionnaire in which more than 1000 pilots, 
maintenance superintendents, and chief engineers of airlines all over the 
world were asked to state their views on major manufacturing points. 
Brief note referring to a few of the comments. U.S. Air Services, April, 
1940, page 22. 

Problems of Submerged Engine Installations. W. E. Beall and E. G. 
Emery, Jr. S.A.E. paper previously abstracted from preprint. See page 
128, January, 1940, issue of JouRNAL. Photograph of the Bell Airacobra 
carries the comment that aerodynamic advantages of the installation of the 
engine in the middle of the fuselage are offset by the military disadvantages. 
Another shows the installation of the Gipsy Twelve air-cooled inverted-vee 
engines in the DeHavilland Albatross airplane, engines being cooled by 
chutes in the leading edge of the wing. Advantages of this method are said 
to be the excellent accessibility combined with extremely low drag without 
the need for a shaft drive. Aeroplane, April 5, 1940, pages 470-472, 2 illus. 

Continental Design Competition. G. W. Coleman's design of a two-place 
all-metal low-wing monoplane known as “Eight-Ball,”” and D. E. Riley's 


XR-PT-1 Primary Trainer suitable for military or private use are described, 
Airplanes are to be powered with Continental W-670 250-hp. and W-670- 
M 240-hp. engines, respectively. These airplanes were first and second win- 
ners recently in the annual design competition sponsored by Continental 
Motors Corporation and held at the University of Detroit. Aero Digest, 
April, 1940, page 58, 2 illus. 

Calculation of Speed in Diving Flight. E. Groth. Charts are given for 
the following: value of the diving speed after dropping 2000 meters from 
various initial altitudes for an initial speed of zero; auxiliary quantity for 
calculation of diving speed at any optional initial speed; maximum diving 
speed and appertaining altitude; and maximum dynamic pressure and alti- 
tude at which it is attained, that is dynamic pressure at H = 200 meters. 
Equations are derived. Luftwissen, February, 1940, pages 31-33, 4 illus., 
many equations. 

Design Organization. R. M. Lloyd. General organization of design 
responsibility in an aircraft factory large enough to deal with one new type 
of airplane at a time, while keeping alive the penultimate machine now 
going into production. Weaknesses in existing systems are outlined and 
improvements for them are suggested rather than the sketching of an ideal 
organization. Discussion covers: duties of the drawing office and project 
engineer; design data and checking; technical office; project department; 
experimental workship; unit in action on acceptance of a tender of a new 
type by the Air Ministry; consulting the works on tooling and production 
for the new type; and works liaison. Contrast between the particular needs 
of the stressman and aerodynamacist is brought out. Aeroplane, March 
29, 1940, pages 419-421, 3 illus. 

Nomograph for High-Speed Flight. Nomograph developed by H. W 
Lerche is applied to a pursuit airplane as an example, and gives the de- 
pendence of the required engine power on the horizontal speed of high-speed 
airplanes. Thereby it is possible to vary the coefficients for the parasite, 
induced and profile drag within the approaching limits in question. In 
addition to the total power the nomograph gives also that part of the power 
required for overcoming the various partial drags. The rapid synoposis made 
possible by the nomograph should be advantageous in designing aircraft. 
Luftwissen, February, 1940, page 33, 1 illus. 

Rotary-Wing Aircraft. J. A. J. Bennett. Analysis of horizontal flight 
of the helicopter, gyrodyne and rotorplane. In the theory of rotaplane 
developed by Glauert certain terms are neglected which become important 
at small angles of incidence of the rotor, i.e., at high forward speed. Lock 
has removed some of the approximations in Glauert’s theory and obtains 
the same expression for the profile drag which Glauert derived by considera- 
tion of the energy account. This expression becomes too optimistic, how- 
ever, at high forward speeds, because it neglects the loss due to radial flow 
sone the blades. An expression is derived which takes account of this radial 

ow. 

A simple method of deriving the fundamental equation of a rotaplane is 
developed by equating the direction of the resultant aerodynamic reaction 
on the rotor and the axis of the conical surface which the blades describe 
during their rotation. It is assumed with sufficient accuracy that for small 
angles of incidence of the rotor a similar distribution of induced velocity 
obtains as in the case of a fixed-wing aircraft, i.¢., that a so-called Prandtl- 
Lanchester vortex system is established. Provided that the solidity of the 
rotor is sufficiently small, it is shown that the profile drag of the rotary-wing 
aircraft may be less than that of the corresponding airplane of equal power 
and all-up weight. In other words, top speed of a rotaplane may exceed 
that of the equivalent aeroplane provided the minimum horizontal speed of 
the latter is not more than about twice as great as that of the rotaplane. 
Owing to the better propulsive efficiency of a driven sustaining rotor com- 
pared with a propulsive propeller, it may be possible for the helicopter and 
the gyrodyne to have a higher top speed than the rotaplane. Continued. 
Aircraft Engineering, March, 1940, pages 65-67, 79, 12 illus., 28 equations. 


Stress Analysis and Structures 


The Analysis of Symmetrical Vibrating Systems. L.A. Pipes. Lagran- 
gian equations for the motion of a general mechanical system having n 
degrees of freedom and executing small motions about a position of equi- 
librium, are subjected to a Laplacian transformation. Transformed equa- 
tions are then subjected to a similarity transformation, by means of which a 
separation of the transformed equations is effected provided the system has 
the special type of symmetry under consideration. Solution of the usual 
determinantal equation is avoided. Jour. Applied Physics, April, 1940, 
pages 279-282, 1 illus., 67 equations. 

The Solution of Torsion Problems by Numerical Integration of Poisson’s 
Equation. R. Weller, G. H. Shortley and B. Fried. Torsional characteris- 
tics of various shapes may be easily and rapidly calculated by one of the 
methods described, and irregular shapes present no special difficulty. Nu- 
merical methods for the solution of Poisson’s equation in an arbitrary two- 
dimensional region with given boundary values are considered, which are 
similar to those discussed by Shortley and Weller for Laplace’s equation. 
It is shown that the entire theory of networks may be applied to Poisson's 
equation without change. Formulas for the treatment of irregular points 
and for blocks of points are developed. Methods are applicable to the 
case of torsion in shafts of any cross-section. Additional formulas are 
derived for the determination of the maximum shear at any point in a shaft 
as well as the torsional stiffness of such a shaft. Jour. Applied Physics, 
April, 1940, pages 283-290, 9 illus., 3 tables, 13 equations. 

Openings in Circular Fuselages. H. M. J. Kittelsen. Stresses in the 
region of such apertures, with particular reference to the location of the 
apparent shear center. Analogy of a channel section rigidly attached to 
two cylinders subjected to a shear at their center lines in the plane of the 
web of the channel is considered, and formulas are developed for distribution 
of direct shears, horizontal location of shear center, evaluation of shear stress 
due to torsion, and longitudinal stresses due to twist. 

Maximum shear stresses due to torsion occur at the middle of the opening, 
and are negligible near the ends. In effect the apparent shear center moves 
outwards from the fuselage center line to some: maximum position and 
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back again throughout the length of opening. If axial length of this open- 
ing is large, torsional stresses get little relief from rigidity of the frame. If 
length is small or frame is arched, as in the case of modern oval door design, 
this relief will be considerable. Compressive stresses on the cross-section 
at the side of the opening may be sufficiently large to necessitate their addi- 
tion to those caused by the shear and bending moment at that section. It 
may be assumed with sufficient —— accuracy that the shear center lies 
on the neutral axis. Aircraft Engineering, March, 1940, pages 73-75, 79, 
9 illus., 10 equations. 

Stress Analysis of Thin Metal Construction. H. L. Cox. Buckling of 
flat panels, equivalent width, and curved panels: stress analysis of cylinders 
in bending, and results of three tests carried out by the R.A.E. on a complete 
tube, quadrant test piece, and single stringer; ultimate stress carried by 
stringers attached to the sheet in regard to effect of curvature, fixity effect 
at frames, interaction of sheet and stringer, and local and overall instability; 
stress analysis of cylinders in torsion; effect of holes and concentrated loads 
in regard to stiffening of small holes, effect of tension diagonal stresses on 
edge members, and diffusion of concentrated loads; and buckling of a sup- 
ported strut. Theory and test aspect of stress analysis. Royal Aero- 
nautical Soc., Jour., March, 1940, pages 231-272 and (disc.) 272-282, 25 
illus., 1 table, many equations. 

Stress Data for Aircraft Tubes. Data are given for aircraft tubes of 
21/2 to 51/2 in. outside diameter for gauges from 24 to 10 (0.022 in. to 0.128 
in.). Aircraft Engineering, March, 1940, suppl. sheet. 


Aircraft Accessories 


Hydraulic System Testing. Lt. H. J. Marx, Republic Aviation Corp. 
Development of test stands for hydraulic equipment, and present methods 
of testing hydraulic systems are described. Aero Digest, April, 1940, pages 


61, 123, 2 illus. 
Aircraft Maintenance 


Inspection and maintenance on 


Keeping Them Aloft. L. E. Neville. 
Aviation, April, 


light airplanes in the C.A.A. Flight Training Program. 
1940, pages 42-43, 122, 3 illus. 


Aircraft Manufacture 


The Industry’s Second Line—The _Sub-Contracting Companies. Means 
taken to increase aircraft production in Britain are discussed in great detail 
in the following articles: ‘‘Multiplying the Workshops; ” “The Organisa- 
tion of Sub- Contracting,” Westbrook; “Bodies and Bonnets to 
Spats and Gills;”’ “Anodising for the Industry;” “From Motorcars to 
Geodetics;’” “The Making of Fuel Tanks; ” "+ Nirscrew Components;”’ 
and ‘‘From Coachwork to Aeroplane Parts.’’ Long descriptions of British 
aircraft organizations, and methods of manufacture of military aircraft, 
engines and parts are includ The bles of geodetic fuselages of the 
Vickers-Armstrong Wellington bombers are probably more widely made 
throughout the subcontracting industries than those of any other airplane. 
Aeroplane, April 5, 1940, pages 483-497, 500-501, 33 illus. 

Men and Machines. Metal-stretching press built by Engineering and 
Research Corporation for the Glenn Martin Company. Reed-Prentice 
No. 3VG new model vertical milling ‘and die- sinking machine. Niagara 
power squaring shears. Shafer double-row roller bearing. Ozalid automatic 
high-speed whiteprint machine. Greenerd straightening block designed 
to speed up the operation of straightening round shafts that are either turned 
or ground. Descriptions of new equipment developed especially for use in 
aircraft plants. Automotive Industries, April 1, 1940, pages 328-331, 349. 

The Final Assembly of Aeroplanes. H. F. Schwedes. S.A.E. paper 
previously abstracted from preprint. See page 129, January issue of 
Journat for abstract of preprint. Aircraft Engineering, March, 1940, 
pages 83-86, 13 illus. 

One-Man Riveting Devices. Devices on the British market for work 
involving riveting from one side only. The ‘‘Aircraft’’ system developed 
by Major Wylie, and the Chobert system developed by Kriste, and the Lok- 
Secru and Rivetnut are briefly described. Aeroplane, March 22, 1940, page 
409. 

Welding Technique in Aircraft Construction. K. Queitsch. Transla- 
tion of a further portion of the German Air Force welding handbook dealing 
with welding of engine mounting structures. Engine mounting V-strut 
(Dornier), engine mountings with pressed parts, Dornier Do.18 lower 
engine bearer, and radial-engine mountings are discussed in detail. Photo- 
graphs and drawings deal with: engine mountings of the Do.18, Dornier 
mounting with its welding jig, engine mounting of the Heinkel He.46, and 
its welding jig, and method of bending a steel-tube ring. Aircraft Engi- 
neering, March, 1940, pages 87-89, 11 illus. 


Aircraft 





CANADA 


A Canadian Light Fighter. Gregor FDB-1 biplane single-seater fighter is 
the first original type developed by the Canadian Car and Foundary Com- 
pany, but Grumman influence is marked. As originally designed, it is fitted 
with a Pratt and Whitney Twin Wasp Junior SB4-9 engine of only 750 hp., 
so that it is a comparatively low-powered single-seater fighter by modern 
standards. Machine is stressed to take radial engines up to 1200 hp. 
Layout and low weight point to the easy fitting of a number of guns more 
commensurate with latest ideas. Prototype is arranged to carry two syn- 
chronized 0.50-in. machine guns with 1000 rounds of ammunition mounted 
in the stub center section of the top plane. Alternatively two 116-lb. bombs 
“— carried under the lower planes. 

ing span 28 ft. Wing loading 21. 1 Ib. /sq.ft. Disposable load 1220 Ib. 
Maximum speed at 9000 ft. 300 m.p.h. Rate of climb at rated altitude 
3400 ft./min. bee yo at 300 m.p.h. at rated altitude 351 miles. Maximum 
range with 95 gal. at 160 m.p.h. 1003 miles. Estimated maximum speed 
at 15,000 ft., when powered with a 1000-hp. Twin Wasp, 338 m.p.h. and, 
with a 1200-hp. e ngine, 364 m.p.h. Very long description of construction; 
data on weights and loadings, dimensions, performance with the Twin Wasp, 
Jr., engine, and estimated performances on both the higher powered engines; 
otographs of jigs, fuselage, and construction; and cutaway drawing of the 
—= showing location of equipment and structure. Aircraft Engineering, 
arch, 1940, pages 69-72, 11 illus., 2 tables. 


FRANCE 


The Potez 63. For reconnaissance flights over Germany, L’Armée de 
*Air employs principally a specially built version of the Potez 63 twin- 
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engine monoplane, though the Bloch 131, Martin 167, Bloch 174, and 
Lioré 45 are also available. Majority of the Potez 63’s are powered with 
two Gnéme-Rhéne 14-Ms. radial engines of small diameter and developing 
680 hp. at 13,200 ft. 

Armament of the Type 630 (Hispano engines) and Type 631 (Gnédme- 
Rhéne engines) three-seater day and night fighters consists of two high- 
velocity Hispano-Suiza 20-mm. shell guns with 100-round ammunition 
drums carried in fairings below the fuselage and fired and cocked by the 
pilot through a compressed-air air system. In the Type 633 two-seater day 
and night bomber, the third member of the crew is displaced by an internal 
cell for eight 125- Ib. bombs stowed vertically. For dive bombing, external 
racks are fitted beneath the fuselage. Defensive armament comprises one 
fixed and one free machine gun. 

Type 637 three-seater observation and reconnaissance machine carries 
similar armament and has a small nacelle attached beneath the fuselage to 
provide the observer with better visibility, or to house a camera. ype 
63-11 is a somewhat different reconnaissance version with observer in the 
fuselage nose which is of special design and provided with suitable trans- 
parent panels. Cockpit enclosure is shorter and more rounded. Pilot has 
one or two fixed machine guns while the gunner has a single weapon. 

Special new fighter version is rumored which has two Pratt-Whitney Twin 
Wasp Junior engines and two 20- or 23-mm. shell guns and six machine guns. 
Maximum speed of fighter, reconnaissance, and bomber, when powered by 
two Hispano-Suiza 14-AB engines, 285 m.p.h. at 13,000 ft. Range of bomber 
807 miles. Very long description of construction and types as well as data 
on dimensions, weights, and performance of these three versions with the 
Hispano-Suiza engines. Flight, March 28, 1940, pages 285-286, 286a- 
286b, 9 illus., 1 table. 

The Air-Wibault Large Transport Airplane. M. Wibault. Air-Wibault 
large four-engine airplane with two decks is designed for transporting 70 

assengers in a flight of 500 km., or 26 passengers during a flight lasting 48 

ours. Span 34.06 meters. Wing loading 182 kg./m.? Total weight 28,500 
kg. With 1350-hp. engines, maximum speed 375 km./hr. at 1500 a. 
and 397 km./hr. at 4000 meters; speed, at 54 per cent power, 293.5 km./hr. 
at 4000 meters. With 1600-hp, engines, maximum speed 425 km./hr. at 
4000 meters. 

Architectural principles, preliminary aerodynamic and structural tests, 
research on constructive economy for such a large airplane which cannot be 
produced in large numbers, and arrangement and decoration of the passenger 
quarters are described in great detail. Many photographs and drawings 
illustrate the layout, structure, 30 per cent model used in aerodynamic 
tests, and utilization of the volumes and distribution of the capacities of the 
fuselage (total volume of 193 m.*). Project has been held up on account of 
the war. L’Aéronautique, February, 1940, pages 37-50, 25 illus. 

France’s Fastest Fighter. The D.520 in service is said to be considerably 
faster than the Morane 406’s and Curtiss Hawk 75A’s which have been mainly 
used on the Western Front. A Dewoitine D.520 fighter mounting a His- 
pano 12Y-51 1000-hp. engine-cannon was said to do about 340 m.p.h., and 
a speed of over 500 m.p.h. was attained in diving tests. In the first machines 
the shell gun may be of 20-mm. bore, but the new Hispano model of 23-mm 
length may be fitted in the production model. Ammunition drum holds at 
least 60 and possibly 100 rounds. Provision is made for two free-firing 
wing-mounted guns, probably Brownings as used in the Curtiss Hawk, but 
another pair of wing guns may be added. The 7000 hours needed to build 
the D.520 represents only half the time taken to build the D.510 fighter. 
Stub exhausts appear to be fitted to production machines which may mean 
the D.520's will not be used for night flying. 

Wing span 33 ft. 5 in. Wing loading 32. 33 Ib./sq.ft. Maximum speed 
(not necessarily of the production type) 341 m.p.h. at 13,000 ft. Climb to 
13,000 ft. 3'/2 min. Service ceiling 35,000 ft. Description of construction, 
armament, dimensions, weights and loadings, and performance. Flight, 
April 11, 1940, pages 330e-330g, 8 illus., 1 table. 

Morane M.S.406. Due to its relatively low wing loading (27.8 Ib./sq.ft.) 
and compact design the Morane-Saulnier M.S.406 Cl single-seater fighter is 
highly maneuverable, certainly more so than the Me.109, though it is not 
considered so handy as the radial-engined Curtiss. Armament comprises a 
20-mm. Hispano Suiza shell gun mounted between the cylinder blocks and 
firing out through the propeller hub, the shaft having been suitably geared 
up. ‘‘Long’’ type of cannon has an initial velocity of about 830 meters/sec., 
corresponds to the Oerlikon type FFS, and has electrical control. Two 
Chatelleraut light rifle-caliber drum-fed machine guns mounted in the wings 
are not fitted with cooling casing, and each has a rate of fire of about 1000 
rounds/min. Fighter is described and various MS.405’s and 406’s developed 
are referred to. 

Fitted with the Hispano 12Y engine giving 860 hp. at 13,000 .ft., the 
M.S.406 has a maximum speed of 304 m.p.h. at 14,500 ft., climb to 16,400 
ft. in 6.5 min., and ceiling of 36,000 ft. Dimensions, weights and loadings, 
and performance are given for the type with this engine. The 12.Ycrs, 
12-Ydrs., and 12.Y31 engines have been installed in various other marks, and 
a M.S.450 fighter with a 12Y.51 1000-hp. engine has been mentioned. Whole 
wing of the M.S.406 is covered with Plymax panels which consist of a layer 
of plywood and an outside layer of aluminum. Flight, April 4, 1940, pages 
304a-304c, 8 illus., 1 table. 


GERMANY 


The Do-19 Heavy Bomber. A. Frachet. Dornier Do-19 was designed 
for the transportation of heavy bombs having great capacity of ewe 
charge. It weighs 11 tons empty and has a gross weight of 18,500 kg. 
With four Bramo 322-H.2 engines the prototype Do.19 reached 320 ‘km. /hr. 
near the ground and 380 km./hr. at normal operating height. This speed 
should be raised, with engines of 1000 hp., to 400 km./hr. Wing loading is 
114 kg./m.? Description. Les Ailes, April 4, 1940, page 3, 3 illus. 

The Ha-140 Torpedo Seaplane. A. Frachet. Blohm and Voss Ha.140, 
which has undergone successive improvements, has been specially produced 
as a seaplane for launching torpedoes designed to attack ships. With lack 
of torpedoing missions which, for the moment, appear to encounter serious 
obstacles, the Ha.140 can carry out bombing missions in carrying 800 kg. of 
projectiles with fuel for a range of 1500km. It can also be used as a seaplane 
for reconnaissance and long-distance observation, and, in that case, its 
maximum range is around 2500 km. Two B.M.W. 132- De 880-hp. engines 
Maximum speed 320 km./hr. Time to climb to 3000 meters 11 min. 3 
sec., and to 5000 meters 39 min. Elongated nose of the new Ha.140 has a 
single transparent observation turret, a turret armed with a heavy machine 
i mounted on a pivot. Description. Les Ailes, March 28, 1940, page 3, 

illus. 

Military Aviation, Junkers Ju.88K three- to four-seater all-metal bomber 
(two Jumo 211 engines developing 1200 hp. for take-off and 975 hp. at 4750 
meters) is armed with three movable machine guns, one mounted toward 
the front and two (above and below) toward the rear. Be speed 510 km./ 
hr. at 4750 meters. Range 2100 km. Ceiling 9000 m 

Messerschmitt Me.110 two-seater pursuit (two D.B. "601 1 1150- hp. engines) 
has two 20-mm. cannon firing through the propeller (automatically controlled 
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by the pilot and mounted in the vee of the engines) as well as two fixed 
7.9-mm. machine guns mounted in the wings, and a movable machine gun 
operated by the rear gunner. Top speed 585 km./hr. Range 2400 km. at 
cruising speed of 340 km./hr. Ceiling 9000 meters. Few details only and 
characteristics and performance. L’Aérophile, January, 1940, page 6, 4 
illus., 2 tables. 

Fieseler 156 ‘‘Flying Observation Station.’”” A. Frachet. Fieseler Fi-156 
“Storch,”’ said to be the slowest airplane in the world, can fly at less than 
50 km./hr., can land in less than 20 meters, can take off in 40 meters, and 
has a special device for picking up messages in flight. Cockpit has three 
places in tandem and is transparent throughout, above, below, and on the 
sides. These transparent sides protrude forming balconies which, though 
narrow, are sufficient for vertical observation. The Storch can serve in 
place of captive balloons for directing artillery fire with less risk to the ob- 
server. Equipped with an Argus 240-hp. engine, the Storch weighs 915 
kg. empty and 1260 kg. in flight. Maximum speed with front slots closed 
210 ty By Cruising speed 160 km./hr. Ceiling around 5 meters. 
Range without wind, more than 450 km. Description. Les Ailes, March, 
14, 1940, page 3, 4 illus. 

The Messerschmitt Me.109 Single-Seater Fighter. A works drawing 
from Germany is said to be the first authentic general arrangement drawing 
of the Me.109 single-seater fighter to be published. It is of the latest ver- 
sion, the Me.109E with 1150-hp. Daimler-Benz D.B.601 engine, which went 
into service early in 1939. At official trials of a machine captured by the 
French, the speed came within 1 m.p.h. of that quoted by the Germans 
(354 m.p.h. at 12,300 ft.). Armament varies from one engine cannon and 
four machine guns to three cannons. Trials and engagements with Allied 
fighters recently have shown that in dives up to 400 m.p.h. there is no 
tendency to wing flutter. Handley-Page slots are shown to extend over the 

un positions in the wings, and length of slots appears to be varied in dif- 
erent machines according toarmament. Three-view drawing, and this brief 
comment also giving span and length. Aeroplane, March 22, 1940, page 
394, 1 illus. 

A Novelty: the 198 Pursuit. A. Frachet. Focke-Wulf Fw.198 single- 
seater pursuit airplane described has a high speed, is powerfully armed, and 
has been given a good range of vision. Its Daimler-Benz D.B.601 engine 
develops 1360 hp. at sea level and 1175 hp. at 5000 meters and drives a 
pusher propeller. Wing loading around 138 = /m.* Speed probably around 
520 km./hr. at sea level and 600 km./hr. at rated altitude. Climb 840 
meters/min. Ceiling 10,500 meters. Duration of flight at 475 km./hr. 
and carrying 500 liters of fuel not more than 2 hours. Les Ailes, March 
21, 1940, page 5, 2 illus. 


Great BRITAIN 


The Folland Touch. ‘‘Some of the most beautiful little aeroplanes ever 
produced were the line of successful Gloster single-seat fighters from the 
Grebe to the Gladiator and the little F.5/35 monoplane—all of which show 
the touch of Mr. H. P. Folland and his designing team.’’ Development of 
these airplanes is traced. The Gloster F.5/34 eight-gun monoplane fighter 
(840-hp. Bristol Mercury IX engine, speed 315 m.p.h.), built in 1937 was 
never put into production, although one of the two prototypes is still 
flying at Farnborough. Aeroplane, March 22, 1940, pages 386-388, 7 
illus., 1 table. 

Our Hope for Years to Come. DeHavilland Flamingo 12/20-passenger 
high-wing civil transport monoplane (two new 930-hp. Bristol Perseus X VI 
sleeve-valve engines and DeHavilland Hydromatic full-feathering constant- 
speed propellers). Span 70 ft. Wing loading 27 lb./sq.ft. Maximum 
speed 239 m.p.h. at 650 ft. Range with 402 gal., at 203 m.p.h., 1210 miles 
in 6 hr. and, at 174 m.p.h., 1345 miles in 7.8 hr. Landing within 125 yd. 
of passing over the 50-ft. screen and a run of 325 yd. after touchdown. Long 
detailed description of improved version, characteristics, loadings, power 
plant, performance on one and two engines, weight analysis and pictorial 
representation of take-off and landing. Production is said to be going ahead 
fast. Aeroplane, March 15, 1940, pages 354-359, 11 illus., 5 tables. 

Progress in Miniature. Whereas the Lerwick is short, squat and yet 
deep in the hull, the new four-engine flying model of Saunders-Roe, Ltd., isa 
long, slim and only moderately deep boat seaplane. It is a prototype in 
miniature of a commercial flying boat bigger than anything yet constructed. 
Dihedra! angle of the Ming is not more than 1° and there isa slight twist in 
the wing which gives an illusion of gently upturned wing tips. Engines are 
almost slung below the wing and are only detected on the under side. Tail 
plane of quite long span carries a fin at each end which projects below the 
tailplane although the rudders themselves are not brought below the level 
of the tailplane. Fins are extended below in the form of reversed horns. 
Wing-tip floats are short and deep and provided with a short of chine to 
give them good hydrodynamic characteristics. There is a curious bulge in 
the upper surface of the wing at the center section. Flying boat is powered 
by four 90-hp. Pobjoy Niagara engines. Description. Aeroplane, March 
15, 1940, pages 350-351. 

The Spitfire. Line of development from the Supermarine Schneider 
Trophy racers to the Supermarine Spitfire is traced, and detailed development 
is described with many illustrations including a two-page cutaway drawing 
showing location of equipment, the Spitfire in production, and a two-page 
photograph of the Spitfire. Cannons have been fitted to the Spitfire for 
experiment, an experiment really successful because in a fight with a Dornier 
Do.17 a Spitfire armed with cannon shot down the German in six rounds. 
Oue photograph is shown which was ‘‘taken last week of a new Supermarine 
Spitfire single-seat fighter on its makers’ trials before delivery to the R.A.F. 
On 100-octane fuel the Spitfire is doing about 387 m.p.h. at 18,500 ft.” 
Aeroplane, April 12, 1940, pages 517-525, 18 illus. and 4 on suppl. plates. 


U.S.A. 


American Civil Aircraft. Detailed specifications of civil (commercial) 
aircraft made in the United States including type, dimensions, areas, weights. 
power plant, performance, construction, and standard equipment, as well 
as drawings and photographs, are given for 105 airplanes. _ : 

Tables showing specification and performance data of certificated Ameri- 
can airplanes in use but out of production, and of certificated aircraft now in 
production, as well as a list of American aircraft and engine manufacturers 
iq the article. Western Flying, April, 1940, pages 26-34, 34-76, 144, 

illus. 

American Military Aircraft. Type, dimensions, areas, weights, power 
plant, performance, construction, standard equipment, and drawings and 
photographs are given in most cases for about fifty American military air- 
craft. Western Flying, April, 1940, pages 78-114, 97 illus. 


Aviation Sketch Book of Design Detail. Drawings accompanied by ex- 
lanations illustrate: the rear gunner’s position in the Republic 2PA which, 
| are directly aft of the pilot, is such that when operating the gun he sits 
on a carriage hung from the slides in the gunner’s ring; how the gun turret 
swings down into a well in the fuselage of the 2PA when rotated for the 
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firing of the rear gun; Republic ‘‘Guardsman’’ Model 2PA, 24 of which are 

being sold to Sweden; outer wing panel of the Boeing B-17B Flying Fortress 

(shown in a cutaway drawing) and being made asa unit in the construction 

jig with nacelles included ; fins on the Ranger-engine aluminum-alloy cylinder 

which, owing to the ability to cast thin fins on cylinder heads, have more than 

— the fin area previously used. Aviation, April, 1940, pages 52-53, 
illus. 

Dragonfly Ryan YO-51. Ryan YO-51 Dragonfly ‘‘Flying Motorcycle’’ 
was developed for the Air Corps to provide a solution to the problem of a 
plane that can land and take off anywhere without having the relatively low 
speed range associated with the autogiro type. Effectiveness of the Ryan 
slot and flap system is greatly increased by the fact that it extends for the 
full length of the wing, which is mounted well above the fuselage on cabane 
struts. Fowler-type flaps are approximately 40 per cent of the total normal 
wing area, amounting to a retractable wing which, when extended, is slotted 
and set at a high angle of incidence. Airplane is a two-place single-engine 
high-wing monoplane (Pratt and Whitney Wasp 420-hp. engine). Gross 
weight 3900 lb. Wing span 52 ft. Estimated landing speed 45 m.p.h. and 
top speed 150 m.p.h. Aviation, April, 1940, pages 64-65, 4 illus. 

Johansen JA-2. Two-place side-by-side low-wing monoplane. Con- 
tinental 40-hp. engine. Wing span 35ft.8in. Top speed 85 m.p.h. Land- 
ing speed 35 m.p.h. Cruising range 250 miles. Description. Aviation, 
April, 1940, page 69, 1 illus. 

Pan American Airway’s Boeing Stratoliner. Tests of the Model 307-B 
Stratoliner are said to have proved that the Boeing will not only meet the 
specifications, but that the automatic-pressure and regulating air-condition- 
ing systems have exceeded expectations. Description of the Stratoliner 
and of its four Wright Cyclone GR-1820-G102 engines rated at 1100 hp. 
and having 1250 hp. available for take-off. Aero Digest, April, 1940, pages 
29-30, 5 illus. 

Porterfield Trainer for 1940. F. B. Johnson. In the Porterfield Trainer 
Model CP-65 wing has been increased in strength by 30 per cent. Con- 
tinental or Lycoming engines of 50, 55, or 65 hp. are used. Top speed 108 
m.p.h. Stalling speed 37 m.p.h. Range 320 miles. Wing span 34 ft. 9 in. 
Aviation, April, 1940, page 66, 2 illus. 

Production in America. While Boeing B-17B bombers for the U.S. 
Army Air Corps are suited to the strategic needs of the American continent, 
it is considered that any such big-bomber policy in Europe would be a tac- 
tical error of the first magnitude. It is said that the Boeing Company has 
solved the problems of large-scale production on such big machines with a 
great deal of success, and that B-17B bombers are being turned out at Seattle 
at the rate of one every four days. Some of the production features are 
illustrated in photographs with explanations. In the production of this 
type, the United States is said to hold the lead. Aeroplane, March 27, 1940, 
pages 422-423, 5 illus. 


Aircraft for High-Altitude Flight 


Cabin Superchargers. D. Gregg. Five basic factors affecting the selec- 
tion and design of cabin supercharging equipment are discussed, including: 
air requirements, either in terms of mass iow or cubic feet of air per minute 
at a specified pressure and temperature; type of cabin supercharger which 
will best meet the specified operating conditions; type of supercharger drive 
and method of operation; control of volume and pressure of air delivered to 
the cabin; and soundproofing. Author believes that cabin controls will 
be largely simplified if the minimum flow is specified and a reasonably large 
amount of excess air flow permitted. By making slight modifications to a 
standard supercharger regulator, such as are used by the Army to control the 
output of turbo superchargers or on the power control of Pratt-Whitney 
engines, a complete automatic control is possible, both for cabin pressure and 
for mass flow to the cabin. Aviation, April, 1940, pages 46-47, 126, 3 illus 


Aircraft Refuelling in Flight 


Refuelling in Flight. M. Langley. Previous report compared normal 
and refuelled aircraft on the basis of equal take-off loading and showed that 
very remarkable increases in range and earning capacity were possible with 
the latter. This report has been criticized on the ground that insufficient 
attention was paid to landing speed and service ceiling. It was said that, 
taking off at the same wing loading, the normal airplane would have a much 
lower landing loading at the end of its journey with consequent lower land- 
ing speed, and that the refuelled aircraft would also have a lower service 
ceiling throughout the flight. Present discussion covers calculations of 
landing speed and service ceiling for normal aircraft and aircraft refuelled in 
air. 

A hypothetical airplane is chosen as an example and its performance and 
payload for both types are compared for ranges of 2000, 3000, 4000 and 5000 
miles. Under limits of take-off it is shown that at the 2000-mile range the 
refuelled aircraft has a payload 3'/: per cent better, this growing to 27!/: 
per cent at the 5000-mile range. If a slightly lower standard might be 
allowed in the first two hours of flight, the ceiling limit may be put at the 
5000-mile range. Engineer, April 12, 1940, pages 358-359, 7 illus. 


Air Transportation 


French War-Time Traffic. Traffic statistics for all the French air serv 
ices during the first four months of the war include: kilometers flown, 
2,549,550; passengers 11,376; mails 171,606 kg.; freight 60,587 kg.; total 
length of routes operated 49,935 km. Brief note on services operated. 
Aeroplane, April 5, 1940, page 479. 

Pan American Ready with Boeing Stratoliner for Inter-American Service. 
The ‘‘Flying Cloud”’ soon will be flying down to Rio—on schedule. A few 
details of the Stratoliner and advantages of flying at around or above 20,000 
ft. are given. Chart shows turbulent weather which will be avoided by 
flying at such heights. U.S. Air Services, April, 1940, pages 12-14, 4 illus. 

Airline Safety Through Teamwork. C. Norcross. Work within the 
airlines, and cooperation with the Air Transport Association, the Civil 
Aeronautics Authority, Air Line Pilots Association, and manufacturers 
which have brought about the remarkable record of twelve months’ opera- 
tion in complete safety, is discussed. Aviation, April, 1940, pages 40-41, 
119, 122, 4 illus. 

Growth of TACA Airlines in Central America. History, and work being 
conducted throughout Central American by Transportes Aereos Centro 
Americanos. Aero Digest, April, 1940, pages 33-35, 127, 8 illus. 


Balloons 


The Barrage Balloons. It has been suggested that large numbers of long- 
range fighters flying in advance of the bombers could shoot down sufficient 
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balloons to leave a clear path over the target for the bombers. These 
fighters would have a hot time while engaged i in balloon bursting, and their 
arrival would be an excellent air-raid warning. British balloons are de- 
scribed with a reference to German types. Aeroplane, April 5, 1940, pages 
453-454, 3 illus. 

About the Balloons. C.G. Grey. History of the use of balloons during 
the last war. Aeroplane, March 29, 1940, pages 432-433, 1 illus. 


Gliders and Gliding 


High- performance sailplane has a two-spar wing with 
yerman type spoilers are incorporated in the wing to 
Span 40 ft. 3 in. Wing loading 3.4 Ib./sq-ft. 
Short note. Aviation, April, 1940, page 69, 1 


Briegleb Glider. 
double strut bracing. 
cut down landing float. 
Stalling speed 30 m.p.h. 
illus. 

The R.A.F. Goes Gliding. The London Gliding Club sprang into life 
during the Easter holiday when 25 R.A.F. pilots from an Initial Training 
School spent four days learning what it is like to fly without an engine. 
Training was by solo hops on primary gliders and by dual-control soaring 
instruction on a Falcon III two seater. Account of training. Flight, 
April 4, 1940, pages 306-307, 5 illus. Aeroplane, April 5, 1940, page 463, 1 
illus, 


Propellers 


Reaction Propulsion. Reaction propeller submitted by B. C. Carter and 
J._D. Coales to the Farnborough laboratories is described. Arrangement 
is based on the fact that the efficiency of a system of reaction, such as applied 
to the propulsion of aircraft, increases in rate and magnitude as the speed 
of the driving engine approaches that of the gaseous flux which propels it. 
A satisfactory efficiency seems to be obtainable on a propeller if the flux is 
liberated at the tips of the propeller blade, the tip speed of the latter being a 
multiple raised from the speed attained by the airplane. 

Propeller derived from this theory permits the use of hollow blades which 
are headed by bent and pivotable nozzles acting as exhaust manifolds, 
blades are connected to a hollow divided shaft on a blower. By means of 
this hollow shaft the combustible is carried to the nozzles by tubular con- 
duits. These are stopped at their tips and the fuel penetrates into the com- 
bustion chamber through small holes around the conduits. The nozzles 
are finally made solid with a turning joint and the perforated parts of the 
tubular feed lines are surrounded by the collars. These collars are for set- 
ting the limits of the combustion chambers as well as for preventing the 
heating of the blades of the propeller. They assure, for the latter effect, 
the arrival of cool air which, in mixing with the burnt gases, lowers at that 
time their temperature and their speed. Les Ailes, March 28, 1940, page 6, 
2 illus, 

The Technique of Foreign Aviation. In the Junkers automatic variable- 
pitch propeller the arrangement for driving the blades, located in the hub of 
the propeller, is fed by lubricating oil from the engine. This assures op- 
timum operation whatever the position of the airplane. Variation of pitch, 
which is unlimited, is practically reduced by the thrust bearing to useful 
displacements. Feathering of the blades when the engine stops is obtained 
by a special control. Propeller diameter 3.20 to 3.80 meters. Blade width 
6 to 10 per cent. Weight 165 to 170 kg. Brief reference only. Les Ailes, 
March 28, 1940, page 6, 2 illus. 

New Test House for Cold Weather Research. It is possible to cool the 
new Hamilton Standard propeller cold room from normal temperature to 

50° below zero in about 24 hours. Special propeller test rig ‘‘also devised 
by company engineers makes it possible to test a propeller without having 
the blades actually attached to the hub. Actual installation set-ups can 
be closely duplicated, making it possible to work out at any desired tempera- 
ture problems involving various types of Aer " Short note giving only 
a few details of test rig and cold room. U.S. Air Services, April, 1940, page 
38, 1 illus. 


Miscellaneous 


CAA Chief Tops Great Program at National Aircraft Meeting. Account 
of Society meeting with brief — of papers and discussion. S.A.E. 
Jour., April, 1940, pages 13-16, 23 

Research in America. Further review of the 25th annual report of the 
National Advisory Committee for Aeronautics from the British point of 
view. First issue—Compressibility effects; research on cowling and cool- 
ing; propellers; and icing. Second issue—Meteorological problems; 
seaplanes; hulls for long-range flying boats; outboard floats; tests of models 
of representative flying-boat hulls; increase in engine power; piston rings; 
valve-overlap investigations; two-stroke cycle engine; recovery of energy 
in exhaust gases; jet reaction as take-off aid; combustion research; preigni- 
tion characteristics of fuels; air flow in engine cylinders; increase in com- 
= ratio; safety fuels; fin dimensions; single-stage axial-flow fan; 

N.A.C.A. aircooled cylinder; performance of superchargers; air inter- 
coolers; and combustion research in Diesels. 

Third issue—Investigation of antiknock characteristics of fuels; stability 
of aviation oils; protection of magnesium alloys; sub-zero temperatures; 
the development of plastics for aircraft; transparent plastics; gust tunnel; 
loads on seaplane hulls; research facilities; cooperation with the aircraft 
industry; and coordination of aeronautical research. Aeroplane, March 15, 
22, and 29, 1940, pages 260-261, 396-399, and 426-427, 3 illus. 

Small Plane Production Climbed in ’39. Chart shows production of light 
aircraft from 1931 through 1939. Abstracts of papers presented at the 
S.A.E. National Aeronautic Meeting, March 14 and 15, which centered 
around the light airplane and its engine are presented, including fuel tanks, 
passenger comfort, fuel injection in spark-ignition engines, barrel-type 
engines, high-speed photography of combustion phenomena, Continental 
geared engine with fuel injection, rationalization in light-engine production, 
light planes, and geared-type light engine. Description of the Continental 
mechanical fuel injection is included. Automotive Industries, April 1, 1940, 
pages 320-327, 8 illus. 


Equipment 


Buyer’s Log Book. Geneva cushioned wheel. Berloy Parabolume ceil- 
ing lighting unit. Pyle-National runway marker light. Glidden One-Coat 
Airplane Finish. Allis-Chalmers Model ‘‘IB’’ tractor for jise on airports. 
Brief notes on this equipment. Aviation, April, 1940, pages 74-75, 4 illus. 

New Equipment. American Airlines three-dimensional device for routing 
the Douglas Flagships over its airways. SKF precision anti-friction con- 
trol bearings applicable to such installations as retractable landing gears, 
floats, landing flaps, gun mounts, and bomb release mechanisms and starters. 
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Doenut tires featuring an outside valve. Hi-Reach telescope platform for 
maintenance of overhead equipment in the American Airlines’ hangars at 
New York Municipal Airport. Eclipse Series 41, E-160 and 40 engine 
starters (41 being a combination direct cranking electric and inertia starter, 
E-160 being a combination direct cranking electric starter provided with 
integral hydraulic feathering pump, and the Series 40 being a hand or com- 
bination hand and electric inertia starter for engines of approximately 1500 
to 1800 hp.). Pesco fuel system permitting consistent altitude flight and 
developed by Sergeant R. E. Gray at Wright Field. Aero Starters mechanical 
starter designed for engines in light airplanes. Brief descriptions or few de- 
tails of this new equipment. Aero Digest, April, 1940, pages 107-108, 6 
illus. 


Acoustics 


Soundproofing Research. K. Martinez. Being portable, the overall 
noise meter, the frequency analyzer, and the high- speed automatic power- 
level recorder used in the laboratory may also be used in the airplane during 
its flight tests. This was done in testing the soundproofing of the Boeing 
Model 314 Clipper, Model 307 Stratoliner, and the B-17 series Flying Fort- 
resses. One interesting observation made during the cabin supercharging 
tests of the Stratoliner was that, at 22,000 ft., the propeller noise seemed to 
mask the exhaust noise, while at 10,000 ft. the propeller- and exhaust-noise 
loudness seemed to be of the same magnitude. Data taken from the Flying 
Fortress at constant r.p.m. indicated air speed and rate of climb, and at 
slightly increasing horsepower, showed that the noise level increased three 
decibels from sea level to 20,000 ft. This increase could be the result of 
increasing horsepower, as the engines have special turbo superchargers, or 
the increasing true air speed. 

Special acoustical laboratory developed in cooperation with University of 
Washington Physics Department, dynamic type microphones for pickup of 
sound, and other instruments in the sound laboratory which were all used in 
the soundproofing research for Boeing aircraft are described. Aero Digest, 
April, 1940, pages 26-28, 127, 8 illus. 


Aircraft Instruments and Navigation 


Instrument for Measurement of Heel and Trim. T. U. Taylor. In 
measurement of heel and trim of ships it was expected that the oil reflector 
would prove rather steadier than the normal pendulum and from tests 
carried out so far the impression is gained that this is the case. Reflector 
used is oil and instrument proper consists of a projector for projecting the 
light beam on to the fluid reflector, and a translucent screen inscribed with a 
scale on which the reflection is received and deflection measured. Light 
beam is projected by focusing an image or shadow by means of a lens. In- 
stitution of Naval Architects paper. Engineer, April 5, 1940, pages 334- 
335, 1 illus., 1 table. Engineering, April 12, 1940, pages 399-401, 5 illus., 
3 tables. 

The D.V.L. Accelerometer. H. Freise. Acceleration occurring at the 
c.g. of an airplane is a measure of the external forces acting on the airplane. 
Maximum acceleration is in the direction of the vertical axis in leveling from 
diving flight in pull-up over obstructions, in steep curves and in acrobatic 
flight. An instrument which directly indicates such acceleration can be 
used to advantage in test flights of new types of airplanes, for acrobatic 
flight training, and in certain flight-mechani-al, aviation-medical, and similar 
investigations. Its accuracy does not need to be excessively, great, and 
space requirements and weight should correspond to those of conventional 
airplane instruments. These requirements are fulfilled by the instrument 
developed by the D.V.L. 

Fundamental principles of the D.V.L. 
tion, and accuracy of measurement are described. A mass guided between 
two leaf springs can oscillate in the direction of the vertical axis. Char- 
acteristic curve of the spring is a straight line and damping of the speed is 
comparatively equal. Displacements of the mass against the framework of 
the measuring arrangement rigidly connected to the test body are trans- 
mitted to a rotatable pointer in the frame. Natural frequency of the un- 
damped spring- mass system is large as compared with the maximum fre- 
quency in the measuring process. Report of the D.V.L. Luftwissen, 
February, 1940, pages 30-31, 3 illus. 


accelerometer, method of opera- 


NAVIGATION 


Modern Air and Marine Navigation. Lt. Commdr. P. V. H. Weems. 
Twelve divisions of air navigation which have undergone radical develop- 
ment within the past 20 years, and modern marine navigation methods are 
discussed. U.S. Naval Inst., Proc., April, 1940, pages 490-495, 2 illus. 

Star Curves. F. Chichester. New sets of star curves produced by 
Commander Weems have now reached Great Britain. Star curves, which 
are said to provide the most rapid and most simple method to date of posi- 
tion fixing by star observation, are explained. Aeroplane, April 5, 1940, 
pages 468-469, 1 illus. 

Korect Depth Gauge. Fuel-contents gauge. Fitted into the base of 
the tank is a metal bellows connected to the dashboard instrument by a 
capillary tube, and this capillary tube terminates in a metal capsule, the 
breathing of which operates a conventional crank-cum-rack and pinion 
pointer mechanism. Whole system is charged at a slight Positive pressure 
with dry nitrogen gas, which is least affected by changes in temperature. 
Since it is the column of fuel immediately above the tank fitting which is 
weighed, so to speak, shape of the tank has to be taken into consideration 


and the graduated scale is calibrated against an accurate dipstick. Short 
description. Flight, March 28, 1940, page 296, 1 illus. 
Armament 
The Armament of Modern Pursuit Airplanes. P. H. Monand. Caliber, 


length, weight, rounds, muzzle velocity, and maximum range are given in a 
table for the Madsen 20- and 23-mm., the Oerlikon 20-mm., and the Ameri- 
ean Armament 37-mm. aircraft cannons. Drawings illustrate two aspects 
of the Madsen control, mounting of a cannon and a machine gun in a wing, 
fields of concentric and crossed fire from an airplane, the Oerlikon cannon, 
and cutaway view showing distribution of armament on the Seversky Con- 
voy two-seater combat airplane. 

Firing power ona pursuit airplane, aircraft cannon, choice of arms for the 
pursuit, and aiming of the parts of a battery in flight are discussed and opin- 
ions on the armament for a two-seater combat airplane are presented. Les 
Ailes, March 7, 1940, pages 4-5, 9 illus. 


Electrical Equipment 


Bonding and Shielding of Aircraft. N. J. Clark, Lockheed Aircraft Corp. 
Methods of bonding various parts of the aircraft, and areas needing bonding 
are described. Maximum values of allowable resistance for different air- 
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craft components are shown in a table. Recommendations for shielding 
high-tension systems are presented. Aero Digest, April, 1940, pages 42—43, 
123-124, 9 illus. 


Fire Prevention Equipment 


Fire Protection for Private Planes. C. L. Griffin, Walter Kidde & Co. 
Installation of carbon-dioxide fire- extinguishing systems in private airplanes, 
installations on inline engines, fire-detection devices, and portable carbon- 
dioxide extinguishers, designed especially for use in airplanes and supple- 
mentary to built-in engine-compartment systems, are described. Aero 
Digest, April, 1940, pages 65-66, 6 illus. 


Fuel Tanks 


Puncture-Proof Fuel Tank. The British criticize the German tank, 
claiming that a bullet hole in such a tank would be almost impossible to re- 
pair and that the tank weighs too much (about 1.7 Ib. /gal.). They say 
that the tank, although it may be puncture-proof, is not crash-proof. 

A French system consists of coating the tank with a secret compound, 
known as C.1.M. A thickness of only 7 mm., it is claimed, will make the 
tank crash-proof and proof against machine-gun fire, proof even against 
incendiary bullets. This material is light, weighing only 1 Ib./sq.ft. of sur- 
face area. A 70-gal. tank protected by this material is said to have been 
pierced with incendiary bullets and then dropped 60 ft. into a gasoline fire 
without catching fire or leaking. Short note on the German and Henderson 
Safety tanks. U.S. Air Services, April, 1940, page 43. 

Safety Fuel Tanks. Henderson rivetless rustproof fuel tank weighing 
11/4 lb./gal. and having a capacity of 50 gal. has been rigorously tested by 
the British Air Ministry. It is made of sealed sheet formed from three 
layers, one of metal, one of Hencorite, and a third of metal. Interior baffles 
are secured by a self-releasing method. Brief reference only. Aeroplane, 
April 5, 1940, page 498. 


Parachutes 


The Parachute as an Aid to National Forest Protection. D. P. Godwin. 
Experiments in the use of parachute jumpers from airplanes to fight forest 
fires, and the technique selected are described. At first 180-lb. dummies, 
attached to condemned Army parachutes, were dropped from various eleva- 
tions over various types of cover and topography. Aero Digest, April, 
1940, pages 44-45, 124, 6 illus. 

Parachutes and Parachute Jumpers. H. Gratzy. Physical considera- 
tions regarding the parachute; example of the military use of the parachute; 
opinions on the use of parachute jumpers in France; and Polish opinions on 
the use of units of parachute jumpers. 

Curves show: the speed limit in free fall for weights of 50 to 110 kg.; 
increase of the speed of free fall for bodies having speed limits of 50, 60, and 
70 meters/sec.; heights of descents in function of time for speed limits of 
50, 60, and 70 meters/sec.; speed limits in function of projected surface of 
the parachute for bodies weighing 50 to 110 kg.; heights covered by the 
opened parachutes (training towers) before they reach their respective speed 
limits of descent of 4, 5, and 6 meters/sec. French translation from “‘ Mili- 
taer- und Wissenschaftliche Mitteilungen.”’ Rev. de l’Armée de lI’ Air, 
November—December, 1939, pages 643-653, 6 illus. 


Testing Apparatus 


An Easily Constructed, Rugged, Sensitive Thermopile. H. F. Launer. 
Thermopile consisting of Chromel p-constantan junctions is described. 
Since the thermoelectric power of this couple is relatively high (over 60 
microvolts per degree C), and since the metals have a low thermal conduc- 
tivity and are easily worked, a sensitive rugged thermopile may be con- 
structed to meet individual needs in a short time without previous experi- 
ence. Simple technique of construction, and characteristics of a finished 
instrument. Rev. Scientific Instruments, March, 1940, pages 98-101, 3 
illus. 

Scientific Instruments and Apparatus. Cambridge thickness gauge for 
steel strip, and workshop potentiometer for molten-steel temperatures; 
G.E. screened receiver for a daylight testing range for projection equipment; 
and the Petch-Elliott current-transformer testing set, latest disappearing- 
filament optical pyrometer, vibration galvanometer, and recording ammeter. 
Descriptions of these devices which were to have been shown at the Physical 
Society’s Exhibition cancelled on account of the war. To be continued. 
Engineer, March 29, 1940, pages 297-300, 12 illus. 

The Month’s New Instruments. New devices for measurement, inspec- 
tion, testing, metering, and automatic control are described briefly. IJn- 
struments, March, 1940, pages 64-70, 16 illus. 

“Laboratory” and ‘Plant’? Instruments. M. F. Behar. Evolution of 
laboratory apparatus into industrial process control instruments, and 
particularly ten classes of automatic analyzers pertaining to chemical proc- 
esses. Instruments, March, 1940, pages 63, 84-85, 2 illus. 


Materials 


Physics of Stressed Solids. R.W. Goranson. Phenomena of deforma- 
tion, flow or creep, and rupture may be interpreted and correlated from a 
study of the internal energy stored up in the lattice as a result of deformation. 
Internal energy of a system is subdivided into a work or potential function 
and a thermal or kinetic function, the former expressed in terms of the 
current electrostatic theory of intercrystalline bonding, and these functions 
are then examined for variations of temperature, hydrostatic pressure, uni- 
directional stress and combined hydrostatic and unidirectional pressure. 

The theory evolved not only seems satisfactorily to explain and correlate 
phenomena of deformation, creep or plastic flow, cold working, elastic after- 
working, rupture, shear, and certain other phenomena hitherto described as 

“‘anomalous’”’ effects, but has been corroborated experimentally, in particu- 
lar for the effect of hydrostatic pressure on deformation and compressive 
strength. Mechanism evolved consists of two processes. One is an elastic 
deformation which i is a function of strain or potential energy of the system, 
failure occurring by “‘brittle’’ rupture wherein maximum extension or maxi- 
mum internal tension is the criterion. Other, which is a deformation by 
means of a two-phase transfer mechanism, is a function of thermodynamic 
potential relations of the system, and is also a function of time and there- 
fore a function of rate of application of load. When both processes of this 
mechanism are operative failure occurs by shear, the criterion being given 
by a function of time, strain or potential energy, and thermodynamic po- 
tential relations of the system. 

Expressions derived for creep or plastic flow of polycrystalline substances 
from thermodynamic potential relations not only satisfy the well-known 


phenomena of creep in metals but also express recent empirical creep data of 
some substances immersed in liquids in which they are somewhat soluble. 
Expression is also derived for the ‘‘brittle’’ potential type of rupture under 
combined thrust and hydrostatic pressure. Jour. Chemical Physics, April, 
1940, pages 323-334, 4 illus., 17 equations. 


Metals 


Comments on Electrolytic Polishing of Metals. H. Pray and C. L. Faust, 
Battelle Memorial Institute. The polishing of metals, such as stainless steel, 
copper, brass, zinc, nickel, aluminum, and monel metal, electrochemically 
rather than mechanically is a technique which is rapidly expanding and im- 
proving. Action of such electrochemical baths, condition of the metal sur- 
face after polishing, operation of the baths, and what may be expected 
commercially of such electrochemical polishing are considered. Jron Age, 
April 11, 1940, pages 33-37, 3 illus. 

Communications on the Fretting Corrosion of Closely Fitting Surfaces. 
Paper by G. A. Tomlinson, P. L. Thorpe, and H. J. Gough is discussed with 
the author's reply. Inst. Mechanical Engrs., Jour., March, 1940, pages 
401-406, 10 illus. 

Self-Lubricating Wire. Possibility of producing wire with a surface- 
impregnation of dry lubricant for use in such applications where lubricant 
will prevent binding, sticking, and wear is forecast as the result of a recent 
discovery, according to Acheson Colloids Corporation. In attempting to 
apply the principle of using colloidal graphite for drawing-die lubrication 
in stainless steel wire, it was discovered that the graphitic coating could net 
be removed by normal methods such as washing, a graphoid surface being 
created on the wire during its passage through the dies. A certain amount 
of natural resistance to corrosion may also be imparted by the graphoid 
surface. Short note. Jron Age, April 25, 1940, page 45. 


IRON AND STEEL 


Creep at High Temperatures. H. J. Tapsell. Characteristics of créep 

of metal, and specific description of the behavior of carbon and molybdenum 
steels suitable for superheated steam temperatures. Manner in which 
tensile properties, such as ultimate stress and limit of proportionality, are 
influenced by creep is discussed, and an account is given of the general be- 
havior of metals during creep and the influence of temperature, stress, and 
time. 
Considerable variations in creep properties of carbon steels of similar 
carbon content are pointed out. Data show that steels containing from 0.13 
to 0.4 per cent carbon have much the same properties around 840° F. Molyb- 
denum steels of similar composition also vary considerably in creep proper- 
ties although much superior to carbon steels. Addition of small percentage 
of vanadium to molybdenum steels produces further improvement. Effect 
of heat treatment is described, particular attention being given to effect df 
prolonged heating in service. Methods of estimating working stresses are 
given, and numerical data and curves show how experimental results may be 
utilized. 

Examination of fractured creep specimens of several molybdenum steels 
has shown that intercrystalline cracks have developed during the course of 
the tests, have opened out, and have finally led to fracture. These inter- 
crystalline cracks develop irrespective of condition of the steel (as rolled, 
normalized, hardened, and tempered), and a considerable decrease in total 
creep at fraction (down to about 4 per cent) is encountered as the time taken 
to fracture increases, to be followed at longer times by an increase in total 
creep. North East Coast Institution of Engineers and Shipbuilders paper. 
Engineering, March 15, 1940, pages 287-288, 2 illus., 3 tables. 

“18 and 8” and Related Stainless Steels. W. M. Mitchell. Carbide 
precipitation and pitting corrosion of ‘‘18 and 8’’ stainless steel; effects of 
carbide precipitation; methods of overcoming or tolerating carbide precipita- 
tion; stabilization by use of titanium and columbium; theories advanced 
for pitting | corrosion; and (reference only) further results of investigation 
at M.I.T., in which the source of pitting | corrosion has been found in minute 
points, cracks, and other imperfections in the surface of the metal. To be 
concluded. Metals & Alloys, March, 1940, pages 88-93, 4 illus. 

How Alloying Elements Affect High Alloy Steels. P. Payson. First 
issue—Functions of alloy additions; transformation of austenite; retention 
of austenite; manganese, nickel and cobalt steels; new steel developed to 
meet requirements of very low magnetic permeability, fairly good tensile 
strength and ductility, reasonably good machinability, and relatively low 
cast and containing 0.40 per cent carbon, 12.0 per cent manganese, 7.0 per 
cent nickel, and 0.20 per cent sulfur; results obtained with low-carbon steel 
containing 20 per cent nickel, 5 per cent silicon, and 5 per cent molybdenum; 
and properties of Invar and Elinvar. 

Second issue—Detailed data for tungsten and molybdenum steels and 
for chromium steels, and the effects of the various alloying elements used 
Tron Age, April 18 and 25, 1940, pages 31-35, and 35-40, 12 illus., 4 tables. 

Manganese in Carbon Steels. B. Thomas. Manganese content in 
carbon steels, particularly those of hardening quality, is not only important 
but critical. There are certain minimum limits below which quenching 
efficiency becomes imnaired. Method of testing strips and results of tests 
on steels of various manganese content are discussed. Heat Treating & 
Forging, March, 1940, pages 124-127, 5 illus., 2 tables. 


Non-Ferrovus ALLOYS 


Aluminium-Silicon Alloys—A Survey of Their Properties and Applica- 
tions. G. Sachs. Influence of silicon content and of the presence of various 
metallic additions, and characteristics and heat treatment of the aluminum- 
silicon- magnesium type alloys developed by the author. Discussion covers: 
modification; pinhole porosity; modification of permanent-mold castings; 
influence of silicon content; iron and titanium content; gassing; annealing 
and quenching; influence of copper; influence of magnesium; heat treat- 
ment of aluminum-silicon-magnesium alloys (solution treatment and aging) ; 
two types of piston alloys with aluminum-silicon base; and wrought alumi- 
num-silicon alloys. Metal Industry, March 1, 1940, pages 203-206. 

Heat-Treatment of Aluminium Alloys. L. W. Kempf. Effect of heat 
treatment on properties other than tensile. Commercial application of 
precipitation hardening effects in aluminum alloysi isdiscussed. First issue— 
Influence of small concentrations of magnesium on the resistance of alumi- 
num-copper alloys to corrosion; fatigue resistance of aluminum alloys; 
electrical resistivity; density; and precipitation effects on continued ex- 
posure at various temperatures. 

Second issue—Aluminum-magnesium type alloys; aluminum-copper 
type alloys; aluminum-magnesium- -silicide type alloys; and aluminum-zinc 
and aluminum-copper- -magnesium-zinc types. Tables show composition and 
properties of wrought solid-solution and precipitation-hardened aluminum 
alloys and of cast solid-solution and precipitation-hardenable aluminum 
alloys. American Society for Metals paper. Metal Industry, March 29 and 
April 5, 1940, pages 288-290 and 312-314, 4 illus , 2 tables. 
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Age-Hardening Magnesium Alloys. W. F. Chubb. Earlier investiga- 
tions upon the silver-magnesium system, and recent developments indicating 
that silver may constitute a valuable addition to complex alloys of magnesium 
are described. The diagram by Schemtschuschny for the silver-magnesium 
system is illustrated and disc and melting points are presented in a 
table. Electrical resistivity and conductivity curves for these alloys, 
according to Smirnov and Kurnakov, are shown superimposed upon the 
diagram of Schemtschuschny and measurements are given in a table. Bri- 
nell hardmess and electrical conductivity of these alloys (after Smirnov and 
Kurnakov) are shown. Light Metals, March, 1940, pages 68-71, 3 illus., 
3 tables, equations. 

Grinding, Polishing and Buffing Light Alloys. Technique of the me- 
chanical finishing of light-metal surfaces, i t, materials, 
and details of manipulation, are considered. Operations discussed were 
applied to the following: valve body and body cover; inlet manifold; 
carburetor part, cover and body; hub and cylinder block of Alpax; and 
pump body. Parts were of aluminum alloy except where Alpax is indicated. 
Light Metals, March, 1940, pages 80-83, 12 illus., 1 table. 

News—General, Technical, and Commercial. Photographic films of 
aluminum; aircraft industry in America; protective oxide films on alumi- 
num; light-alloy industries in Japan; further claims regarding light- -alloy 
pistons coated with lead; cryolyte industry in Greenland; aluminum- 
alloy bearing materials (relative friction curves for lead- bronze, white-metal 
and aluminum-alloy bearings determined on a Rolls-Royce Kestrel engine 
main bearing in conjunction with a nickel-chromium-steel shaft in the 
Thurston bearing testing machine); and British restrictions on aluminum 
imports. Brief notes. Light Metals, March, 1940, page 79, 1 illus. 

Tin-Rich Bearing Metals—Research on New Alloys. Progress made 
during the last year in the program of research on bearing metals, including 
the production of new tin-rich alloys having improved mechanical proper- 
ties, and the testing of their suitability as bearing metals by measuring their 
antifriction properties, resistance to cracking by intermittent loading, and 
adhesion to the bearing shell. Three alloys possessing the best combination 
of strength, hardness, stability at high temperatures, bond strength, anti- 
friction properties, and high melting point are being tested at the laboratories 
of the Institution of Aut s. hort abstract of Fourth 
General Report, 1939, International Te Research and Development Coun- 
cil. Metal Indusiry, March 22, 1940, page 272. 








TESTING OF METALS 


Introductory Study of Fatigue in Steels. A. F. Cotton, F. M. Mathews, 
and N. C. Fraser. Whereas normal fatigue limit is unaffected by the 
stress-cycle frequency, this does not apply where a stream of water is flowing 
over the test piece. In the latter case, when frequency is reduced, the 
number of cycles of stress required to cause failure is also reduced and time 
to failure is increased. This indicates the very marked influence of corro- 
sion. Corrosion-fatigue resistance of steels is dependent on electrolytic 
potential, notch sensitivity, and fatigue limit. 

Discussion covers: designing for fatigue resistance; characteristics of 
fatigue failures; five methods of testing to estimate fatigue limit; notch 
sensitivity oi the test piece; damping capacity; ‘‘crackless plasticity ;”” 
crack initiation and crack spread; under and over stressing; scale or size 
effect; examples of fatigue failures; and corrosion fatigue. Australian 
Metallurgical and Engineering Society paper. Heat Treating & Forging, 
March, 1940, pages 130-135, 5 illus. 

A New te Testing Technique, Established at Pearl Harbor 
Navy Yard. Hammond. Grating spectrograph, installed in the 
general testing laboratory to increase the technical efficiency of ship over- 
haul work, is of a relatively new type to be manufactured for general in- 
dustrial analysis. Features in its installation are of original ee Spec- 
trograph uses a concave reflecting metal grating ruled with 48,000 1-in. 
lines over a 2-in. length. It diffracts the mixed light vibration, emitted by 
the glowing atoms in the arc or spark, by a process. Advantages are high 
resolution, and wide dispersion, linear dispersion and ease of operation. 
Latter is obtained by incorporating in the projector, a glass plate upon which 
are ruled an Angstrom scale, an iron reference spectrum; and the most per- 
sistent lines of suck elements considered useful to the operator. Am. Soc. 
Naval Engrs., Jour., February, 1940, pages 65-76, 6 illus. 

Zinc and Cadmium Coatings. A. Brenner. Comparative study of 
various reagents for determining the thickness of zine and cadmium coat- 
ings is described. Dropping test method was selected and used. Reagents 
investigated included a m nitrate, a nitrate with potassium 
ferricyanide, and chromic acid, but chromic-acid reagent is recommended 
for the dropping test. Results are given for the dropping test for electro- 
plated and hot-dipped zinc coatings, sherardized coatings, and electroplated 
cadmium. Results with the jet method, Magne-Gauge- and microscopic 
methods are also described. Metal Industry, April 5, 1940, pages 315-318, 
2 illus., 2 tables. 

The Size Effect in Fatigue. Editorial on the determination of endurance 
limit made on the rotating-beam specimens with tensile and compressive 
cycles equal and completely reversed in each cycle, and made in ‘‘axial- 
loading” push-pull tests, as on the Haigh machine, also with equal tensile 
and compressive stresses. Axial tests gave results sometimes around 30 
per cent lower. Metals & Alloys, March, 1940, pages A19-94. 





WELDING 


Weldability of Light Alloys J. D. Ridder. Methods are described 
for the determination of flui ity of weld metal, reaction of weld to remelting, 
properties of tacking, reaction of the welded seam to deformation (bending 
strength and forgeability), tendency to fissuring during welding, and weld- 
ability of a given alloy in the form of pressed sections, forgings, s and castings. 
These properties have been demonstrated as essential to know in the deter- 
mination of the weldability of an alloy. Tests are based on results of in- 
tensive investigation on a wide variety of alloys. Results reported refer 
in some cases to aluminum-base alloys of the Hydronalium type and to 
magnesium-base alloys of Elektron type, but are directly applicable to all 
light alloys in these groups. 

Welded-cross test is used to determine liability to fissuring during welding 
in light alloys, but the author’s welded-in circle test answers the same pur- 
pose and is far more sensitive. In the clamping test devised by Mueller, 
the stresses liable to occur in the seam during welding of an actual structure 
are simulated. An Elektron fuel tank featuring a complicated system of 
welded seams is considered as a test for weldability to provide opportunity 
for determining the whole mass of interacting factors. A rationalized test 
is derived from this container. A pilot's seat for aircraft, which is fabricated 
from AZM tube, is illustrated as an example of work which may readily be 
carried out even in alloys of limited weldability. A complex joint system in 
a light alloy of limited weldability i is shown which nevertheless possesses very 
good running properties, a characteristic shared by oy Elektron AZM 
and Hydronalium 7. From ‘‘Aluminium,”’ 1939/21/22: Test schedules 


for fully weldable alloys and for alloys with limited - ona are given. 
Light Metals, March, 1940, pages 62-65, 13 illus., 2 tables. 

Spot Welding Aluminum by Hi-Wave Welder. Method used in the Hi- 
Wave welder recently developed by the Taylor-Winfield Corporation is to 
charge a capacitor bank to a predetermined voltage by direct current and 
then to instantly discharge it into the conventional welding-machine pri- 
mary transformer circuit so that the charging of the capacitor may be tak- 
ing place during the entire time interval between successive welds, thus re- 
ducing power demand toa minimum. Welder is capable of welding all the 
commonly used gages of aluminum alloy. Description. Jron Age, 
April 18, 1940, pages 42-45, 4 illus., 2 tables. 


Paint 


Enamels for Aircraft Engine Cylinders. M. A. Color, Paragon Paint & 
Varnish Corp. Factors to be taken into consideration in developing enamels 
which will permit engine cylinders to go through the finishing stage of the 
manufacturer’s production line, or the field-servicing cycle, with the mini- 
mum loss of time and energy due to unnecessarily long drying and baking 
schedules or defective finishes. Four steel panels were coated with four 
commercial cylinder enamels used in the tackiness test, and were baked or 
air-dried in accordance with their manufacturers’ recommendations, im- 
mersed in ice water, transferred to an oven, kept at 600°F. for one hour, and 
then resubmerged in ice water. Only one retained its gloss and mass in- 
tegrity afterthistreatment. Baking versus air-drying finishes, priming, heat 
resistance, and formulating are described. Aero Digest, April, 1940, pages 
46-48, 127, 17 illus. 


Plastics 


Behavior of Polyvinyl Chloride Plastics under Stress. J. J. Russell. 
Procedure used to determine tensile stress-strain yes a polyvinyl 
chloride plastics over a temperature range of — 50° to +80 For com- 
pounds « containing little or no filler, Poisson's ratio is about 0. . This value 
is practically the same as that obtained for sofi vulcanized rubber. Stress- 
strain curves change in shape as temperature is lowered and ultimately 
reduce to the “‘brittle point,’’ this temperature being characteristic for each 
composition of plasticized polyvinyl chloride. Stress versus temperature 
plot consists of at least two portions—a lower temperature portion exhibit- 
ing a linear relation between stress and temperature, and a higher tempera- 
ture portion following an exponential relation. Heats of activation thus 
derived are of the same order of magnitude as those obtained for a number 
of pure metals. Industrial and Engineering Chemistry, Ind. Ed., April, 
1940, pages 509-512, 11 illus., 3 tables, 6 equations. 

Tension and Birefringence in a Vinylite Plastic. H.W. Farwell. Bire- 
fringence of a strip of plastic material was investigated, first when the 
stretched strip was maintained at constant length and second when it carried 
a constant load. Results indicate that in neither case is the birefringence 
proportional to the tension. Argument presented shows that, in the con- 
stant-length experiment, the ratio of tension 7, at any time after the initial 
tension Ti is established, should be the same function of the time as is the 
expression (1 — 2y loge L/L) for the constant-load experiment. It is also 
shown that the tension-ratio data can be represented by a curve of the type, 
T’/T, = Ae~at + Beet + Cee. Jour. Applied Physics, April, 1940, 
pages 274-279, 4 illus., 1 table. : 


Rubber 


Buna Rubbers. A. Koch, Germany. Properties of Buna rubbers which 
are the result of 10 years of extensive research in the laboratories of the 
1.G. Farbenindustrie Akt. Ges. Buna 85, Buna S, Perbunan, and Perbunan 
Extra are identified and the swelling resistance, plasticization, processing, 
vulcanization, and some uses are given. Principles to be followed to obtain 
results with various vulcanizates from Buna-type synthetic are presented. 
Industrial and Engineering Chemistry, Ind. Ed., April, 1940, pages 464-467, 


2 illus. 

Characteristics and Utility of Neoprene Latices. B. Dales. Neoprene 
latices are aqueous dispersions of polychloroprene formed by the polymeri- 
zation under controlled conditions of 2-chloro-1,3-butadiene which has been 
dispersed in water with the aid of emulsifying agents. Products resemble 
natural rubber latex not only in appearance, but in most important reactions. 
Particle structure and concentration characteristics, stability and alkalinity, 
compounding procedure and effects, properties of cured films, and typical 
applications are discussed. India Rubber World, April 1, 1940, pages 43-45, 


table. 
Testing of Materials 


Research on Surface Finish. G. Schlesinger. Objects of the research 
described are: to replace the present loose descriptive methods of defining 
surface finish by a more definite system; to select a suitable unit for measur- 
ing surface finish; to suggest symbols for use on drawings; and to compare 
methods of observing surface finish. Modern finishing operations are re- 
viewed with comments on Superfinish process of the Chrysler Corporation 
Questions of measuring unit and symbols on drawings are discussed. The 
Busch comparison microscope, Higgins Comparascope, Busch Metaphot, 
Zeiss-Schmaltz surface tester, Abbott profilometer, and Shaw Contorograph 
are described. 

Instrument developed at the Laboratory gives a numerical index of the 
surface finish of rolled material such as metals and plastics and measures 
photoelectrically the ratio of the specularly reflected light to the total re- 
flected light. This ratio increases from zero for perfectly matt surfaces to 
one for perfectly smooth surfaces, and the two measurements required to 
evaluate it occupy only about a minute to make. Modification for applica- 
tion to both internally and externally curved surfaces is hoped for. This 
and other instruments designed at the Laboratory for recording surface 
irregularities are mentioned. Long abstract of preliminary — of work 
undertaken by the Research Department of the Institution of Production 
Engineers. Engineering, March 29, 1940, pages 343-345, 11 illus. 


Fuels and Lubricants 


Effecting Economy of Internal Combustion Engines by Means of Fuel 
Additions. W. Riedel. Supercharged aircraft engines with water injection 
are considered in one part of a general discussion on fuel additions as a means 
of obtaining economy in engines, including also: increase of power obtained 
by fuel additions; retarders; control of detonation; alkali surface lubricant; 
water additions; torpedo driving machines; humidity and engine power; 
water-addition apparatus: vapor force; aquamobiles; hot-bulb engines 
with water injection; and theory of the effects of water on the circulation 
process. A.7.Z., January 25. 1940, pages 25-35, 30 illus., 1 table. 
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The Lead Sepetiity of Fuels and Its Depend on Ch 1 Com- 

oO. . For high requirements im the case of some fuels, 
the addition Da a special ontimeth fuel is necessary which increases the oc- 
tane number of a fuel mixture. As such fuel additions, isoparaffin and 
isopropylether, as well as benzol and alcohol, are suitable. In this connec- 
tion, the problem of the extent to which the effect of tetraethyl lead is in- 
fluenced by the additions of antiknock hydrocarbons to the basic benzene 
is of importance. 

Explanations are offered for this problem, and for the problem of the stor- 
age stability of fuels of lead content, the discussion covering: use of fuels of 
lead content in motor vehicles; increase of knock resistance by counter- 
knock means; effect of tetraethyl lead as the function of the composition of 
the fuels (benzenes of various sources, fuel with alcohol content, benzene- 
benzol mixtures, isoparaffin, and isopropylethyl); effect of light rays ~ A the 
residue formation of fuels with lead content; reduction of | lead residues 
by additions; and effect of lead additions on power and consumption. Tables 
give physical-chemical properties of pure isooctane, di-isopropylether, and 
other data. A.T.Z., February 10, 1940, pages 63-68, 10 illus., 7 tables. 

Practical Documentation on the Octane Numbers of Aviation Fuels, from 
a Series of Foreign Studies. A. Verdurand. Octane numbers superior to 
those of isooctane with lead; influence of latent heat of evaporation of the 
fuel—utilization, for take-off, of the addition of a mixture of alcohol and 
water; measure of the temperature of the explosion chamber; methods of 
test for measuring the octane number for unsupercharged engines; adapta- 
tion of the engine to the fuel; increase of efficiency of airlines by the use of 
fuels with high octane number; and relative effects of calorific capacity and 
octane ber on the efficiency of a determined type of airplane. 
Research referred to in this issue is mainly American, and particularly that 
of the U.S. Army Air Corps. Concluded. L’/ Aéronautique, February, 1940, 
pages 65-69, 10 illus. 

Which Will It Be? High Octane Gasoline or Safety Fuel. J. R. Mac- 
Gregor. It is suggested that airlines and military men get together on their 
fuel specifications. The problem of safety fuel and sources of fire which may 
occur in a variety of places in the airplane are discussed. It may be argued 
that safety fuel could be made more safe by simply decreasing its volatility, 
but such a move multiplies many times the difficulties of efficiently burnin 
the fuel in the engine. Use of safety fuels presupposes the availability of 
suitable fuel-injection equipment, and it is recommended that the gasoline- 
injection engine be perfected first. Aviation, April, 1940, pages 57, 98, 101, 
1 illus. 








Engine Design and Research 


Combustion Turbulence. W. T. David. Were the turbulent motion of 
hot gases merely that which results from rapid entry of the charge through 
the inlet valves the explosion-expansion heat loss in any given engine would 
be far less than that which actually takes place. Turbulent motion of the 
hot gases during the combustion process is generally far greater than entry 
turbulence, and with very rapid combustion, combustion turbulence be- 
comes so great that entry turbulence is negligible i in comparison. 

It is shown that the combustion turbul provides an ex- 
planation of some experiments by D. Clerk and B. Hopkinson, the interpre- 
tation of which has hitherto remained obscure. A third set of experiments 
is referred to which shows that heat loss by conduction depends not only 
upon temperature differences between hot gases and silver grid but also upon 
turbulence, and turbulence, in the absence of a continuous exciting cause, 
decreases with time. Engineer, March 15, 1940, pages 250-251, 5 illus. 

Dynamic Suspension. Isolation of engine vibration by a new mounting 
which gives the engine three degrees of freedom and which is used on Ameri- 
can aircraft with radial engines, is described in detail, especially the funda- 
mental principles, reduction of vibration obtained, and mounting of the 
engine by the cylinder head. Flight, March 28, 1940, pages 286c—286d, 5 
illus. 

Ejector Exhausts. 





Design and construction of ducted ejector exhausts 
for engines of 1000 to 2000 hp. are discussed, covering: various types of 
ejector exhaust and their advantages and disadvantages; design and pro- 
duction; provision for smooth flow; production methods for the ‘‘saxophone”’ 
ducted ejector exhaust; and main points on the design and construction of 
the ducts. Drawings of ejector exhaust details are included. Flight, March 
21, 1940, pages 272-275, 10 illus. 

German Supercharger Tests. P. F. Martinuzzi. Total effects of sepa- 

rate improvements in the inlet leads, impeller, diffuser vanes, and spiral 
volute are shown in test curves of the D.V.L. experimental supercharger with 
closed impeller. The very high maximum adiabatic efficiency of 82.5 per 
cent at a pressure ratio of 1.4 and maximum pressure ratio of over 3 with 65 
per cent efficiency is considered as perhaps less important, though more 
showy, than the very good average efficiency over all the medium-altitude 
field. Present-day standard engine superchargers do not come anywhere 
near the D.V.L. figures. Transverse supercharger fitted to the Daimler- 
Benz 600 engine is illustrated with the comment that results cannot be any 
“— good, the more so as, owing to lack of space, the throttle is on the pressure 
side. 
D.V.L. results do not represent the ultimate practical possibility as re- 
gards efficiencies. In axial- -type compressors developed for use with internal- 
combustion turbines it is hoped to reach at least 87 per cent, implying 
adiabatic efficiencies of well over 90 per cemt. Importance of this to air- 
craft engines is pointed out. 

Curves also show: improvement brought about by fitting diffuser vanes 
to a vaneless low-efficiency blower for a radial engine; influence of diffuser 
vane arrangement on the medium-efficiency supercharger with spiral volute 
and a vaneless diffuser; and influence of diffuser vane angle on the high- 
efficiency web-type supercharger. Continued. Flight, Aircraft Engr. 
Sup., March 28, 1940, pages 9-11, 5 illus. 


Some New Investigations on Old Combustion Engine Problems. G. 
Eichelberg. Results of piston-ring investigations in regard to the blowby of 
tight rings, and ring friction are discussed. Results that have been obtained 
in research previously described by the author and which are applicable to 
modern engine devel ts are c ed, particularly the free-piston 
generator developed by the Pescara Group and based on the principle of the 
free-piston compressor. Concluded. Engineering, March 22, 1940, pages 
297-299, 6 illus. and 17 on suppl. sheets, 11 equations. 


Studies in Lubrication. M. Muskat, F. Morgan, and M. W. Meres. 
Theory of lubrication of plane sliders of finite width—thrust block bearings— 
has been developed by a method that is more convenient for numerical cal- 
culations than that of Michell and Boswall. Whereas previously all derived 
properties of such systems have had to be obtained by direct graphical and 
numerical procedures, explicit analytical expressions have been obtained in 
the present theory for the friction coefficients, inclination of wedges, load- 
carrying capacities, minimum film thickness, and lubricant flow. 

Theory has been applied numerically to a much wider range of conditions 
and, with respect to self-aligning thrust bearings or sliders, numerical results 
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have been obtained so as to cover both the range where the pivot is very near 
the center of the slider and where it is set within short distances of the trail- 
ing edge. With such extended ranges it has been possible to construct com- 
plete curves for the variation of the important derived properties of the slider 
system as functions of the pivot position. Jour. Applied Physics, March, 
1940, pages 208-219, 11 illus., 1 table, 28 equations. 


Turbo-Superchargers. F. Umpleby. Theoretical effects of altitude on 
an engine developing 100 hp. at sea level, when unsupercharged and when 
supercharged by different types of superchargers, are shown and early work 
on turbo-superchargers is briefly summarized. Turbine blade and nozzle 
development and velocity diagrams are illustrated and turbine construction 
and operation are discussed. To be continued. Flight, etatitiaa Ener. 
Sup., March 28, 1940, pages 11-12, 2 illus. 


Wrought Duralumin Crankshafts. Endurance limit of wrought duralumin 
is practically equal to that of the high-grade cast irons now widely used for 
crankshafts. Issues at stake are not those of mechanical strength, but 
rather the problem of providing a really satisfactory bearing material, for 
duralumin will not run satisfactorily in tin-base bearing alloys or leaded 
coppers. Tests made of a shaft provided = a thin sleeve of phenol resin 
indicated very satisfactory re a ties. An experimental sleeve 
operating at a peripheral speed of 1968 ft. vale. withstood a service test of 
45 hr. at a load of +128 tons/sq.in. 

Endurance limits (alternate bending) for different crankshaft materials 
are illustrated, including: nickle-chromium- -tungsten steel (heat treated and 
containing 2. 5 per cent nickel); nickel-chr m-molybd steel (heat 
treated and containing 2.2 per cent nickel); chromi lybd m steel 
(specially heat treated and containing 1 per cent chromium and 0. 3 per cent 
molybdenum); cast iron as used for Ford crankshafts; high-alloy and low- 
alloy cast irons; and duralumin. Short résumé of D.V.L. research. Light 
Metals, March, 1940, page 78, 1 illus. 


Fillets for Piston-Ring Grooves. Lands between piston-ring grooves are 
sometimes made very narrow, and this may lead to fatigue failure. Two best 
—— are those with the largest fillet radii, one having a fillet radius of 

0.040 in., and the other a variable fillet radius, referred to as a relief fillet, 
decreasing from 0.060 in. at the side of the groove to 0.016 in. at the bottom. 
In practice, instead of being uniformly variable, the fillet radius consists of 
two or three circular arcs. Production of the tool for turning the fillet is 
specially facilitated by making the fillet in the form of two circular arcs. 
eo from Luftwissen. Automotive Industries, April 15, 1940, page 

2, 4 illus. 


Modern Aircraft Valves. A. T. Colwell, Thompson Products, Inc. A 
constant-clearance aircraft- -engine valve mechanism which meets all re- 
quirements sought in America is ed asa ded major development. 
Data obtained in research on improving gas flow in valve ports are pre- 
sented for the first time, and test apparatus used in this research at Wright 
Aeronautical Corporation is described 

Valve designs used on Wright, Pratt-Whitney, Allison, Hispano-Suiza, 
Gnéme-Rhéne, Rolls-Royce, Bristol, B.M.F., Bramo, Fiat, Alfa-Romeo, 
and Villar Perosa, and Buick (aut bile) are di d in detail 
as well as the following subjects: major and minor developments; designs and 
materials used today; details of manufacture and inspection methods which 
have greatly aided American valve performance, including method of imtro- 
ducing sodium into the valve, and the Heron electrolytic method of cleaning 
valve heads of deposit after service; operating problems and field failures; and 
servicing valves in the field, including details of the Hall “‘A.W.”’ eccentric 
grinder, and Pratt-Whitney and Wright service data. 

A classified list of American and foreign valve steels, valve-steel analyses, 
valve-seat facing, seat-insert and guide materials, lock materials, and physi- 
cal properties of sodium are shown in the appendix. S.A.E. Jour. (Trans.), 
April, 1940, pages 147-165, 59 illus., 8 tables. 


Performance of Aircraft Spark-Ignition Engines with Fuel Injection. O. 
W. Schey. Performance is not critically sensitive to injection-valve loca- 
tion, start of injection, or length of injection period. Best performance is 
obtained with the injection valve located so as to direct the spray in a hori- 
zontal plane ag t the i g air, with start of injection from 60 to 90 
crank degrees after top center on the suction stroke and with length of in- 
jection period of from 40 to 80 degrees. Varying injection-valve opening 

ressures from 300 to 3000 og * in. gave no measurable change in per- 
comene. Combustion-chamber form having a large amount of turbulence 
or highly disturbed airflow is very desirable. Power output for each of the 
three methods of mixing the fuel and air follows volumetric efficiency closely 
and is higher with fuel injection into the cylinder than with a carburetor 
or manifold injection. 

N.A.C.A. investigation of factors influencing injection of fuel into the 
engine cylinder is described including: equipment; pump types investi- 
gated; effect of start of injection; length of injection period; location of 
injection valve; effects of nozzles on performance; effect of valve-opening 
pressure; comparison of carburetor and fuel injection; scavenging and 
valve overlap; idling with valve overlap; safety fuel; comparison of fuel 
performance; and starting with safety fuel. Nationai Aeronautic Meeting 
paper. S.A.E. Jour. (Trans.), April, 1940, pages 166-176, 18 illus. 


Piston Temperatures. P, V. Keyser, Jr.,and E. F. Miller. Effect of pis- 
ton temperatures on lubrication and carbon formation in high-speed oil 
engines. Problem of developing an oil which will permit engine operation 
at piston temperatures of the order of 450°F. in the ring zone is a problem of 
limiting the extent and nature of carbon formation. Problem of temperature 
control faced by the piston designer, and means of preventing heat from the 
piston head from reaching the ring grooves are discussed. Abstract of 
— of Petroleum paper. Automobile Engineer, March, 1940, page 68, 

illus. 


Polonium Alloy for Spark Plug Electrodes. J. H. Dillon. Use of polonium 
in commercially practical concentrations in standard electrode alloys defi- 
nitely improves the starting performance of spark plugs. Alpha particles 
may produce a small chemical effect in the fuel mixture within a small volume 
enclosing the gap. On the basis of known chemical effects of alpha par- 
ticles on hydrocarbons, it seems possible that minute amounts of less satu- 
rated hydrocarbons might be produced within this small volume, defined by 
the range of the alpha particles at full compression. Existence of this 
slightly more combustive mixture in the immediate vicinity of the gap 
might conceivably constitute part of the observed improvement in start- 
ing characteristics as well as the reduction in apparent breakdown volt- 
age. Until this possibility is established by experiment, it seems safe to 
conclude that the major part of the effect results from reduction in apparent 
breakdown voltage. 

Results of experiments concerned with the measurements of apparent 
breakdown voltage under laboratory conditions and the starting character- 
istics of spark plugs in engines at low temperatures are given. Jour. Ap- 
plied Physics, April, 1940, pages 291-299, 2 illus., 3 tables. 
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Engine Manufacture 


Pertaining to Superpowered Engines. In comparison to the single jig 
accurate to !/jsin., and formerly used in the manufacture of exhaust collector 
rings for high- speed airplane engines, Solar Aircraft Company now uses as 
many as three jigs per manifold, including an inspection plate, all of which 
are accurate to within 0.005in. Short note on Solar improvements developed 
to increase accuracy of manufacture. U.S. Air Services, April, 1940, page 
40. 

Quantity Production of Small Radial Engines. G. Edenquist. Story of 
the reorganized Kinner Motors, Inc., and its production of 150 engines per 
month. Examples illustrate the efforts to speed production through fore- 
thought in the engineering department, rather than through pressure on the 
machine shop. Aviation, April, 1940, pages 48-49, 115, 7 illus. 


Engine, Fuel and Lubricant Testing 


A Machine for Testing Bearings. E. A. Ryder. Pratt and Whitney 
bearing test machine designed to simulate conditions at the crankpin bear- 
ing of a radial engine during operation. Test bearing is assembled into a 
split weight which is carried on a crankpin but kept from rotating with the 
pin by a train of gears. Since stroke of the crankshaft is also approximately 
the same as that of the engine the bearing load for any given speed practi- 
cally duplicates engine conditions. Other weights can be used to secure other 
conditions. 

So-called dive testing described is intended to simulate bearing conditions 
with closed throttle when the airplane is in a dive. Sticking test consists of 
running the bearing at a moderate speed and then, with all conditions sta- 
bilized, cutting off or reducing the oil supply to the crankpin to determine how 
long the bearing will run with only splash lubrication from the case. Fa- 
tigue testing, designing the test machine, and troubles with the machine and 
how they were eliminated are also described. Metals & Alloys, March, 1940, 
pages 69-74, 5illus., 1 table. 

Piston Ring Testing Machine. Testing machine for determining the 
bending stress for a given size of piston-ring gap, the bending stress when 
the gap is opened or closed, and the maximum stress of a ring or of a part 
of a broken ring. Ring is held by two jaws which move round the ring 
without friction, thus following the deformation of the piston ring during 
the test. One jaw is mounted on a disk, to which a torsion spring is attached, 
the latter being accommodated in a center column of the machine. Other 
jaw is designed as a lever witha pivot situated at the center. Force exerted 
by the lever in compressing the ring is transferred to the spring, the torsion 
of which is a measure of the force exerted. Brief abstract from A.T.Z. 
Automobile Engineer, March, 1940, page 84. 

Valuation and Tests of Electrical Engine-Indicators. F. Lichtenberger. 
Characteristics are given for three quartz indicators of 18-, 14-, and 12-mm. 
thread diameter developed at the D.V.L. by the author and H. Wende. A 
long detailed discussion of indicator development also presented refers par- 
ticularly to the piezoelectric (quartz) type indicator, but to a large extent 
applies also to other indicators with the exception of the stroboscopic 
type. Subjects covered include: threaded connection, size and weight, 
indicating range, cooling, life, calibration at room temperature and hot cali- 
bration, determination of shock sensitivity and natural frequency, D.V.L. 
method of test, test results, oscillograph, amplifier, and cables and connec- 
tions. Long translation of report of the D.V.L. 

Comments on the paper are made by Fried and Schrader of the R.C.A. 
Manufacturing Company and in some cases are not in agreement 
with ca D.V.L. report. Automotive Industries, April 15, 1940, pages 368-— 
375, 6 illus. 


Engine Maintenance 


Maintenance and Repair, 1914-18. Major C. Hirtzel. Engine main- 
tenance and repair problems which arose during the last war are described. 
Aeroplane, March 29, 1940, pages 438-439, 3 illus. 


Engines 


American Aircraft Engines. Type, performance, dimensions, construc- 
tion, equipment, type of lubrication, and weight, as well as a photo- 
graph, are given for about sixty engines. Tables giving performance data 
on Pratt and Whitney and Wright Cyclone and Whirlwind engines are in- 
cluded. Western Flying, April, 1940, pages 116—142, 43 illus., 2 tables. 

Fuel Injection System Used on German Planes. Fuel-injection system 
of the Junkers 12-cylinder inverted-vee gasoline engine powering a Heinkel 
bomber capt tured by the British. Battery of twelve fuel pumps is arranged 
like a vee engine so that a single camshaft can operate all of the plungers. 
Central plunger is operated by a cam which gives a violent outward move- 
ment but allows a comparatively slow return under the influence of a coil 
spring. When cam is moved inward by the spring, fuel is drawn through the 
suction port into the cylinder, and on outward stroke, fuel is forced through 
a valve into the pipe leading to the injector and so to the cylinder. Slot in 
the side of the plunger is adapted to register with a spill port, which latter 
allows fuel to return to the suction side of the pump. Injector is screwed into 
the cylinder head like a spark plug. Long description from ‘‘The Autocar.”’ 
Automotive Industries, April 15, 1940, pages 380-381, 5 illus. 


PARTS AND ACCESSORIES . 


Bendix-Stromberg Injection Carburetor. New injection carburetor sys- 
tem described was designed and built by Bendix-Stromberg, developed by 
Pratt-Whitney engineers, and flight tested for almost a year by United Air 
Lines. System is said to reduce fuel consumption by approximately 11 per 
cent, to improve engine smoothness and acceleration, and to make the syn- 
chronization of the engines easier. Icing hazard is reduced considerably. 
Operating characteristics, transfer of motion, connection between chambers, 
temperature drop, method of preventing icing, addition of impact pressure, 
altitude-control orifice, and function of the idling spring are discussed in de- 
tail. Aero Digest, April, 1940, pages 72, 120, 128, 131, 2 illus. 

Custom-Built Manifolds on a Production Basis. Development of the 
Solar Aircraft Company in the manufacture of aircraft-engine manifolds is 
discussed, including early experimentation, first installations for the Navy, 
and production records from 1931 to 1940. Aero Digest, April, 1940, pages 
50, 55, 5 illus. 

Aircraft Engine Development up to Thirty Years Ago. Most important 
British, French, and German engine designs of the years 1903-1910 are de- 
scribed. V.D.J., February 17, 1940, pages 111-118, 20 illus. 

Light Alloys in American Aircraft Engines. H. W. Perry. Design and 
construction of American aircraft engines are considered, machining prac- 


tice is briefly referred to, and fundamental roles of ‘aluminum and magne- 
sium alloys in these units are analyzed. Table shows aircraft-engine parts 
constructed from aluminum-alloy castings and forgings, and from magne- 
sium-alloy castings, including two Lycoming, two Continental, three 
Ranger, one Wright and two Pratt-Whitney engines. Tables also show 
light-alloy forgings and castings in the Wright and Pratt-Whitney double- 
row l4-cylinder engines, aluminum casting alloys and forging alloys em- 
ployed in American aircraft-engine construction, and composition and typical 
uses of magnesium alloys in these engines. Light Metals, March, 1940, pages 
74-77, 7 illus., 5 tables. 


Meteorology 


Fog: Its Causes and Forecasting with Special Reference to Eastern and 
Southern United States. J. J. George. Method described for determining 
the trajectory of the air, as a result, is purely an approximation of the path 
of the air but has proven surprisingly effective in practical work. Discussion 
and methods presented are applied in Eastern Air Lines’ reports on individual 
airport forecasting problems. Conditions necessary for fogs, a new classifica- 
tion of fogs, forecasting procedures, an orderly procedure for forecasting fog 
with the aid of trajectories of the air, and conditions affecting the formation 
of mixing-radiation fog. Map shows distribution of dense fog in the United 
States. Reprinted with a few minor changes from a report published by 
Eastern Air Lines Meteorological Department, Atlanta, Ga., 1939. Am. 
Meteorological Soc., Bul., April, 1940, pages 135-148, 5 illus., 1 table. 

A Photoelectric Cell for Measuring Ultraviolet Solar and Sky Radiation on 
a Horizontal Plane. W.W.Coblentzand R. J.Cashman. Technique which 
has been developed for forming effectively gas- -free metal layers, involves a 
fractionation of the metal in high vacuum, in which the first fractions serve 
to getter the tube of active gases and the later fractions are used to form 
the cathode. Cathode receiver consists of a flat nickel disk mounted on a sup- 
porting frame in such a way that it can be rotated through 180° in order to 
expose it to the evaporating metal that is used as a photoelectric surface. 
Search for a photoelectric material to meet the requirements, the Mg photo- 
electric cells with flat-disk receiver, methed developed for constructing it, 
and operation of the bioclimatic ultraviolet intensity meter are described in 
detail. Am. Meteorological Soc., Bul., April, 1940, pages 149-156, 4 illus. 

Some Remarkable Features of the Weather of the Past Winter. C. F. 
Brooks. Analysis of weather in the United States during the past winter. 
Am. Meteorological Soc., Bul., April, 1940, pages 157-162. 


Aircraft Radio 


Multiunit Electromagnetic Horns. W.L. Barrow and C. Shulman. Com- 
posite radiating or receiving systems for ultra-high frequencies may be built 
with electromagnetic horns as elements that are so positioned and inter- 
connected as to produce the desired characteristics. Several different ar- 
ay are discussed theoretically and experiments made at a wave length 

of 8.3 cm. are described. Inst. Radio Engrs., Proc., March, 1940, pages 
130-136, 10 illus., 9 equations. 

New Radio Procedures for Transatlantic Air Traffic. H. W. Roberts. 
New emergency procedure, weather service, and transatlantic air-traffic com- 
munications are considered. The ship movement board, regularly main- 
tained by the Coast Guard, indicates in code the location and courses of all 
ships at sea, new positions being charted as soon as they become available 
on the basis of ship’s position radio reports. Aircraft position reports will 
be received at more frequent intervals, probably hourly or half-hourly, and 
will also be posted on the same board. In the event of an emergency aloft 
the Coast Guard is now in a position to mobilize surface rescue forces in ad- 
vance of a forced landing should one become necessary, and can dispatch 
its own cutters and aircraft from their strategic positions at land bases or 
on patrol duty at sea. 

Frequencies in use from New York to Bermuda, to Lisbon, to Botwood, 
and to Foynes, and in the New York Control Area are listed, and the high- 
frequency transmitters of WSY, located at Sayville, the receiving equip- 
ment at Barnegat, and C.A.A.’s automatic ground D-F stations near 
LaGuardia Field, New York, are briefly described. Aero Digest, April,1940, 
pages 69-70, 3 illus. 

U.H.F. W. E. Jackson. The complete experimental landing system 
installed in Indianapolis airport, airport traffic control in the United States, 
and aircraft-to-ground communications are described. Continuation of 
paper prepared for the cancelled meeting of the Lilienthal Gesellschaft. 
Aviation, April, 1940, pages 44-45, 125, 6 illus. 


Aeronautical Personnel 


The Physiological Effect of High Accelerations. S. Ruff. Effect of centri- 
petal accelerations arising in flight in a curve and in flattening out from a dive, 


.or the effect of the centrifugal or radial forces resulting are considered. 


Magnitude of the accelerations arising and of the inertia forces resulting 
from them is usually expressed in aviation medicine in multiples of the 
acceleration of gravity. Their effect on the human organism depends 
principally on magnitude of the acceleration, duration of the reaction 
of the acceleration (time effect), reaction direction of acceleration, and body 
conditions at the moment of the effect. These four factors are discussed 
in detail. 

Photographs show: collapsed neck arteries and veins at acceleration in 
animal tests (freezing 09 got Romberg); reduction of heart filling at in- 
crease of acceleration (0, 2.2, 4.4 and 6.6 g.) and also with increasing time 
effect (0, 3. 3 g. eaveusabendie. 3.3 g. for 1 min., and 3.3 g. for 2 min.); heart 
filling at increasing acceleration (0 to 6.6 g.) with the radial force acting from 
the chest to the back (from tests of Fischer); tiltable seat in the normal posi- 
tion and under acceleration; subconjunctival bleeding after a radial force 
reaction of 10 g. in the direction from seat to heart; pilot’s cockpit of the 
FS.17 glider; and impact curve in the case of three deceleration iests on man 

Drawings include: dependence of acceleration effect on acceleration mag- 
nitude and time effect; position of the nerve and organ sensitive to pressure 
at the origin of the main aorta and at the division point of the neck artery; 
blood pressure at acceleration; relation between radius of curvature, speed 
and acceleration; diagram of the position of the pilot in the FS.17 glider; and 
influence of the position of the crew on the acceleration tolerated. Bibli- 
ography contains references to previous articles in ‘‘Luftfahrtmedizin.” 
Luftwissen, February, 1940, pages 24—29, 16 illus. 

Technique and Medicine in Aviation. J. Jongbloed. Medical problems 
resulting from flight in modern aircraft are presented, including speed, 
acceleration, altitude, lead product in the engine exhaust gas, and flight 
characteristics. From the paper intended for the cancelled Lilienthal 
Gesellschaft meeting. Luftwissen, February, 1940, pages 21-23. 














